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PERSONAL CARE COMPOSITIONS COMPRISING AN ADHESIVE COPOLYMHl 
TECHNICAL FIELD 

The present invention relates to personal care compositions, especially to hair 
spray compositions having improved removeability from hair as defined by hair slifihess 
and flaking values. These compositions comprise an adhesive copolymer and a solvent 
for the copolymer selected from the group consisting of water, etfianol, n-propanol, 
isopropanol, acetone, propylene glycol, and mixtures thereof. The copolymer 
component, when dried, exhibits a cohesive strength of greater than about 0.5 kgCmm^, 
a total energy absorption per unit volume of greater than about 0.55 kgfinm/nun^, and an 
impact strength of greater than about 7000 ergs. 

BACKGROUND OF THE INVENTION 

Personal care products play an important role in the life of most consumers. 
Personal care products cover a wide variety of products and forms and include 
^ampoos, soaps, hair sprays, lotions, creams, antiperspirants, anti-acne products, nail 
enamels, lipsticks, foundations, mascaras, and sunscreens. Consumers are constantly 
seeking personal care products that provide the desired benefit sought and represent a 
good value. 

Many personal care products use contain various resins, gums, and adhesive 
polymers. The polymers are used for a variety of purposes including thickening, feel 
properties, film-forming ability, active deposition, active penetration, hair holding, etc. 
Consequently there is constantly a search for developing polymers having improved 
properties for use in personal care products. 

It has surprisii^ly been found in the present invention that adhesive copolymers 
having certain physical parameters are highly usefiil. These copolymers are used in 
combination with a solvent for the copolymer selected from the group consisting of 
water, ethanol, n-propanol, isopropanol, and mixtures thereof. The c<^lymer solvent 
mixtures, when dried, have a cohesive strraigth of greater than about 0.5 kg£'mm^, a total 
energy absorptiwi per unit volume of greater than about 0.55 kgfiiun/mm^, and an 
impact strength of greater than about 7000 ergs. Without being limited by theory, it is 
believed that these physical characteristics of the dried hair spray composition account 
for the benefits observed. 

It has also been found that the preferred hair spray compositions of the present 
invention have an improved removeability from hair during shampooing, wherein the 
removeability is defmed in terms of hair stifi&iess and hair flaking values ranging from 0 
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to about 3.5 (0 to 4 scale) These hair stifihess and flaking values are indirect measures 
of hair spray removeability. Each of these values are determined in accordance with the 
methodology defined herein. 

It is therefore an object of this invention to provide personal care compositions 
comprising an adhesive copolymer and a solvent for the copolymer selected fix)m the 
group consisting of water, ethanol, n-propanol, isopropanol, acetone, propylene glycol, 
and mixtures thereof. 

It is another object of this invention to provide methods for treating skin or hsdr 
using these compositions. 

It is another object of this invention to provide methods for styling and holding 

hair. 

These and other objects will become readily apparent from the detailed 
description which follows. 

SUMMARY OF THE INVENTION 
The present invention relates to personal care compositions comprising: 

(a) an adhesive copolymer having a weight average molecular weight from about 
10,000 to about 5,000,000, and 

(b) a solvent for said copolymer selected from the group consisting of water, 
etiianol, n-propanol, isopropanol, acetone, propylene glycol, and mixtures thereof, 

wherein said composition, when dried, has a cohesive strength of greater than about 0.5 
kgf/mm^, a total energy absorption per unit volume of greater than about 0.55 
kgfmm/mm3, and an impact strength of greater than about 7000 ergs. The compositions 
are preferably hair spray compositions having improved removeability, wherein 
removeability is defined by a hair stiffiiess value of from 0 to about 3.5 and a hair flaking 
value of from 0 to 3.5 (0 to 4 scale) 

In further embodiments, the present invention relates to a method for treating the 
skin or hair by applying to the skin or hair an eflective amount of a composition 
comprising, 

a copolymer component comprising: 

(a) an adhesive copolymer having a weight average molecular weight from about 
10,000 to about 5,000,000, and 

(b) a solvent for said copolymer selected fh)m the group consisting of water, 
ethanol, n-propanol, isopropanol, and mixtures thereof, 

wherein said composition, when dried, has a cohesive strength of greater than about 0.5 
kgf/mm2, a total energy absorption per xmit volume of greater than about 0.55 kgf/mm^, 
and an impact strength of greater than about 7000 ergs. These methods are preferably 
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directed to the hair spray compositions of the present invention having the removeability 
values (hair stif&ess values and hair flaking values) as defined herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 illustrates an overhead wiesv/ of a dumbbell-shaped planar dried hair spray 
film sample useful for measuring the physical properties such as the cohesive strength 
and total energy absorption per unit volume as described herein. 

Fig. 2 illustrates a cross-sectional view, showing the thickness of the dumbbell- 
shaped dried film illustrated in Fig. 1 . 

DETAILED DESCRIPTION OF THE INVENTION 
The essential components of the present invention are described below. Also 
included is a nonexclusive description of various optional and preferred components 
useful in embodiments of the present invention. 

The present invention can comprise, consist of, or consist essentially of any of 
the required or optional ingredients and/or limitations described herein. 

All percentages and ratios are calculated on a weight basis unless otherwise 
indicated. All percentages are calculated based upon the total composition unless 
otherwise indicated. 

All molecular weights are weight average molecular weights and are given in 
iinits of grams per mole. 

All ingredient levels are in reference to the active level of that ingredient, and are 
exclusive of solvents, by-products, or other impurities that may be present in 
conmiercially available sources, unless otherwise indicated. 

All measurements made are at ambient room temperature, which is approximately 
73°F, unless otherwise designated. 

All documents referred to herein, including all patents, patent applications, and 
printed publications, are hereby incorporated by reference in tiieir entirety in this 
disclosure. 

The term "suitable for application to human hair" as used herein, means that the 
compositions or components thereof so described are suitable for use in contact with 
human hair and the scalp and skin without undue toxicity, incompatibility, instability, 
allergic response, and the like. 

The term kgf is a standard physical term denoting a kilogram of force subjected to 
gravitational acceleration, i.e. 9.82 m/s2. 



Adhesive Copolymer 



PCT/US98/08347 



The compositions of the present invention comprise from about 0.1% to about 
30%, preferably from about 0.5% to about 20%, and more preferably from about 0.5% to 
about 1 0%, by weight of the composition, of an adhesive copolymer. 

By "adhesive" is meant that vAien applied as a solution to a surface and dried, 
e.g., the hair or skin, the copolymer forms films or welds. Such a film or weld will have 
adhesive and cohesive strength, as is imderstood by those skilled in the art. 

The copolymers, or salts thereof, of the present invention are soluble or dispersible 
in a solvent selected from the group consisting of water, ethanol, n-propanol, 
isopropanol, and mixtures thereof, at a concentration of at least about 0.1 mg/ml, 
preferably at least about 0.5 mg/ml, and more preferably at least about 1 mg/ml, at about 
73"?. 

The copolymers of the present invention have a weight average molecular weight, 
in grams/mole, of at least about 10,000. There is no upper limit for molecular weight 
except that wiiich limits applicability of the invention for practical reasons, such as 
viscosity, processing, aesthetic characteristics, spreadability, formulation compatibility, 
etc. The weight avenge molecular weight is generally less than about 5,000,000, more 
generally less than about 2,500,000, and typically less than about 1,500,000. Preferably, 
the weight average molecular weight is from about 10,000 to about 5,000,000, more 
preferably from about 20,000 to about 1,000,000, even more preferably from about 
30,000 to about 500,000, and most preferably from about 50,000 to about 300,000. 

A wide variety of adhesive copolymers are useful in the present invention, 
provided the physical parameters of the dried hair spray film and the solubility or 
dispersibility requiremaits and the molecular weight requirements of the copolymer are 
met. 

Adhesivg Copolynigrs 

The adhesive copolymers of the present invention are formed from the random 
copolymerization of vinyl monomer units and macromonomer units containing a 
polymeric portion and a vinyl moiety copolymerizable with vinyl monomer units. Upon 
completion of polymerization, the polymeric portion of the macromonomer imits can 
form side chains of the copolymer. The vinyl monomer units and the vinyl moiety 
portion of the macromonomer units form the backbone. The vinyl monomer and the 
macromonomer can be selected form a wide variety of structures as long as the 
copolymer has the required properties described herein. 

As will be clear to one skilled in the art, and especially from the Examples, the 
copolymer may have one or more side chains grafted to the backbone. In addition, the 
compositions of the present invention can include, in addition to the copolymer, low 



wo 98/48770 



PCT/US98rt)8347 



5 

levels of the corresponding copolymers having no side chains grafted to the backbone. 
As known in the art, synthetic graft copolymerization processes may produce a mixture 
of polymer molecules containing none, one, or more than one side chains covalently 
bonded to and pendant from the polymeric backbone. From knawledge of the amount 
and number average molecular weight of side chains in a polymer sample, and the. 
number average molecular weight of the polymer sample, it is possible to caloilate the 
averse number of side chains per polymer backbone. 

The grafted copolymers should satisfy the following two criteria: 

(2) the polymeric side chain portion is covalently bonded to the backbone 
portion; and 

(3) the number average molecular weight of the polymeric side chain portion is 
from about 1000 to about 50,000. 

The copolymers of the present invention are prepared by the polymerization 
combination of vinyl monomers and macromonomers. The copolymers can be 
synthesized by free radical polymerization of the monomers and macromonomers. The 
general principles of fiee radical pol)rmcrization methods are well imderstood. See, for 
example, Odian, "Principles of Polymerization", 3rd edition, John Wiley & Sons, 1991, 
pp. 198-334. The desired vinyl monomers and macromonomers are all placed in a 
reactor, along vnfh a sufQcient amount of a mutual solvent so that when the reaction is 
complete the viscosity of the reaction is reasonable. Undesired terminators, especially 
oxygen, are removed as needed. This is done by evacuation or by purgmg with an inert 
gas, such as argon or nitrogen. The initiator is introduced and the reaction brought to the 
temperature needed for initiation to occur, assuming thermal initiators are used. 
Alternatively, redox or radiation initiation can be used. The polymerization is allowed to 
proceed as long as needed for a high level of conversion to be achieved, typically from a 
few hours to a few days. The solvent is then removed, usually by evaporation or by 
precipitating the copolymer by addition of a nonsolvent. The copolymer can be fiirther 
purified, as desired. 

As an alternative to a batch reaction, the copolymer can be made by a semi- 
continuous or continuous i»K>cess. In the semi-continuous process, two or more 
additions of monomers or macromonomers are made during the polymerization reaction. 
This is advantageous when the copolymer is made of several monomers \vbich react 
during the polymerization at difBaent rates. The proportions of monomers added to the 
reaction at the separate points of addition can be adjusted by one of ordinary skill in the 
art such that the polymers of the final product have a more uniform structure. In other 
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words, the polymers of the final product will have a more consistent monomer content 
distribution for each of the monomer types charged to the reaction. 

Examples of related copolymers and how they are made are described in detail in 
U.S. Patent 4,693,935, Mazurek, issued September 15, 1987, U.S. Patent 4,728,571, 
Clemens et al., issued March 1, 1988, both of which are incorporated herein by reference. 
Additional grafted polymers are also disclosed in EPO Application 90307528.1, 
published as EPO Application 0 408 311 A2 on January 11, 1991, Hayama, et al., U.S. 
Patent 5,061,481, issued October 29, 1991, Suzuki et al., U.S. Patent 5,106,609, Bolich 
et al., issued April 21, 1992, U.S. Patent 5,100,658, Bolich et al., issued March 31, 1992, 
U.S. Patent 5,100,657, Ansher-Jackson, et al., issued March 31, 1992, U.S. Patent 
5,104,646, Bolich et al., issued April 14, 1992, U.S. Serial No. 07/758,319, Bolich et al, 
filed August 27, 1991, and U.S. Serial No. 07/758,320, Torgerson et al., filed August 27, 
1991, all of which are incorporated by reference herein in their entirety. 

The copolymers are prepared by the polymerization combination of vinyl 
monomers and macromonomers. The copolymer composition is characterized by the 
amount of each monomer charged to the polymerisation reaction vessel, or alternatively 
used in a continuous or semi-continuous process. 

By appropriate selecticm and combination of the particiilar vinyl monomer units 
and macromonomer units, and by the choice of specific relative ratios of the units well 
within the abilit^r of one of ordinary skill in the art, the copolymers can be optimized for 
various physical properties and for compatibility with other ingredients conunonly used 
in hair care applications. 

Alternatively, the copolymers of the present invention caui correspond to block 
type structures which can be described by the formulas A-B, A-B-A, and -(A-B)^- 
wherein n is an integer of 2 or greater. A-B represents a diblock structure, A-B-A 
represents a triblock structure, and -(A-B)^- represents a multiblock structure. The 
monomer units used to prepare these block copolymers are as described under the 
heading below. 
Vinyl Monomer Units 

The copolymers of the present invention comprise firom about 50% to about 98%, 
preferably &om about 60% to about 95%, and more preferably fcom about 70% to about 
90% by weight of the vinyl monomer units. For the block copolymer, the vinyl 
monomer units can comprise 100%. 

The vinyl monomer unit is selected fix>m copolymerizable monomers, preferably 
ethylenically unsaturated monomers. Either a single type of vinyl monomer unit or 
combinations of two or more vinyl monomer units can be utilized. The vinyl monomers 
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are selected to meet the requirements of the copolymer. By "copolymerizable", as used 
herein, is meant that the vinyl monomer can be reacted with or polymerized with the 
polysiloxane macromonomers in a polymerization reaction using one or more 
conventional synthetic techniques, such as ionic, emulsion, dispersion, Ziegler-Natta, 
free radical, group transfer or step growth polymerization. In the present invention,, 
monomers and macromonomers that are copolymerizable using conventional firee radical 
initiated techniques are preferred. The term "ethyleneically unsaturated" is used herein to 
mean a material that contains at least one polymerizable carbon-carbon double bond, 
which can be mono-, di-, tri- or tetra-substituted. 

The monomer units can be derived from hydrophilic monomers (typically polar 
monomers), or mixtures of such hydrophilic monomers with hydrophobic monomers 
(typically low polarity monomers), provided that the solubility characteristics of the 
overall copolymer is achieved. As used herein, "hydrophilic monomers" means 
monomers which form homopolymers which are substantially water soluble; 
"hydrophobic monomers" means monomers which form substantially water insoluble 
homopolymers. 

Nonlimiting classes of monomers usefiil herein include monomers selected from 
the group consisting of unsaturated alcohols, unsaturated monocarboxylic acids, 
unsaturated dicarboxylic acids, unsaturated anhydrides, alcohol esters of unsaturated 
monocarboxylic acids, alcohol esters of unsaturated dicarboxylic acids, alcohol esters of 
unsaturated anhydrides, alkoxylated esters of unsaturated monocarboxylic acids, 
alkoxylated esters of unsaturated dicarboxylic acids, alkoxylated esters of unsaturated 
anhydrides, aminoalkyl esters of unsaturated monocarboxylic acids, aminoalkyl esters of 
unsaturated dicarboxylic acids, aminoalkyl esters of unsaturated anhydrides, amides of 
ixnsaturated monocarboxylic acids, amides of unsaturated dicarboxylic acids, amides of 
unsaturated anhydrides, salts of unsaturated alcohols, salts of unsaturated 
monocarboxylic acids, salts of unsaturated dicarboxylic acids, unsaturated hydrocarbons, 
unsaturated heterocycles, and mixtures thereof. 

Representative examples of such monomers include acrylic acid, methacrylic 
acid, N,N-dimethylacrylamide, dimethylaminoethyl methacrylate, quatemized 
dimethylaminoethyl methacrylate, methacrylamide, N-t-butyl acrylamide, maleic acid, 
maleic anhydride and its half esters, crotonic acid, itaconic acid, acrylamide, acrylate 
alcohols, hydroxyethyl methacrylate, diallyldimethyl ammonium chloride, vinyl 
pyrrolidone, vinyl ethers (such as methyl vinyl ether), maleimides, vinyl pyridine, vinyl 
imidazole, other polar vinyl heterocyclics, styrene sulfonate, allyl alcohol, vinyl alcohol 
(such as that produced by the hydrolysis of vinyl acetate after polymerization), vinyl 
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caprolactam, methacrylic acid esters of Cj-Cig alcohols, such as methanol, ethanol, 
methoxy ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyi-l-propanol, 1-pentanol, 2- 
pentanol, 3-pentanol, 2-methyl-l-butanol, 1 -methyl- 1-butanol, 3 -methyl- 1-butanol, 1- 
methyl-l-pentanol, 2-methyl-l-pentanol, 3-methyl-l-pentanol, . t-butanol(2-methyl-2- 
propanol), cyclohexanol, neodecanol, 2-ethyl-l-butanoi, 3-heptanoI, ben2yr alcohol, 2-. 
octanol, 6-methyl-l-heptanol, 2-ethyl-l-hexanoI, 3,5-dimethyl-l-hexanol, 3,5,5-tri 
methyl- 1-hexanol, 1-decanol, 1-dodecanol, 1-hexadecanol, 1-octa decanol, and the like, 
the alcohols having from about 1-18 carbon atoms with the number of carbon atoms 
preferably being from about 1-12; dicyclopentenyl acrylate; 4-biphenyl acrylate; 
pentachlorophenyl acrylate; 3,5-dimethyladamantyl acrylate; 3,5-dimethyladamentyl 
methacrylate; 4-methoxycarbonylphenyl methacrylate; trimethylsilyl methacrylate; 
styrene; alkyl substituted styrenes including alpha-methylstyrene and t-butylstyrene; 
vinyl esters, including vinyl acetate, vinyl neononanoate, vinyl pivalate and vinyl 
propionate; vinyl chloride; vinylidene chloride; vinyl toluene; alkyl vinyl ethers, 
including isobutyl vinyl ether and s-butyl vinyl ether; butadiene; cyclohexadiene; 
bicycloheptadiene; 2,3-dicarboxylinethyl-l,6-hexadiene; ethylene; propylene; indene; 
norbomylene; P-pinene; a-pinene; salts of acids and amines listed above, and 
combinations thereof. The quatemized monomers can be quatemized either before or 
after the copolymerization with other monomers of the graft copolymer. 

Preferred monomers include acrylic acid, methacrylic acid, N,N-dimethyl 
acrylamide, dimethylaminoethyl methacrylate, quatemized dimethylaminoethyl 
methacrylate, vinyl pyrrolidone, acrylic or methacrylic acid esters of Ci-Cjg alcohols, 
styrene, alpha-methylstyrene, t-butylstyrene, vinyl acetate, vinyl propionate, 2- 
methoxyethyl acrylate, 2-ethoxyethyl acrylate, n-butyl methacrylate, isobutyl 
methacrylate, t-butyl acrylate, t-butyl methacrylate, 2-efliylhexyl methacrylate, methyl 
methacrylate, salts of any acids and amines listed above, and mixtures thereof. 
Macromonomer Units 

The copolymers of the present invention comprise from about 2% to about 50%, 
preferably from about 5% to about 40%, and more preferably &om about 10% to about 
30%, by weight of the copolymer of macromonomer units. 

The macromonomer units are copolymerizable with the vinyl monomers, said 
macromonomers preferably having a vinyl moiety. Either a single type of 
macromonomer unit or combinations or two or more macromonomer units can be 
utilized herein. The macromonomers are selected to meet the requirements of the 
copolymer. By "copolymerizable", as used herein, is meant that the macromonomers can 
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be reacted with or polymerized with the vinyl monomers in a polymerization reaction 
using one or more conventional synthetic techniques, as described above. 

The macromonomers that are useful herein contain a polymeric portion and a 
copolymerizable moiety which is preferably an ethylenically unsaturated moiety. 
Typically, the preferred macromonomers are those that are endcapped wifli the vinyl, 
moiety. By "endcapped" as used herein is meant that the vinyl moiety is at or near a 
terminal position of the macromonomer. 

The macromonomers can be synthesized utilizing a variety of standard synthetic 
procedures familiar to the polymer chemist of ordinary skill in the art. Furthermore, . 
these macromonomers can be synthesized starting from commercially available 
polymers. Typically, the weight average molecular weight of the macromonomer is fix>m 
about 1000 to about 50,000. 

Preferred macromonomers are polyalkylene macromonomers. Polyalkylene 
macromonomers are exemplified by the general formula: 
P]n-[W]m-E 

wherein I is an optionally present initiator (i.e. n = 0 or 1), W is a monomer unit, E is an 
endcapping group, and m is an integer fiom about 10 to about 2000. 

I is an optionally pres«it chemical initiator moiety. Without being limited by 
theory, I can be derived jGn>m a chemical initiator or solvent used in the synthesis of the 
macromonomer. Nonlinutii^ exmaples of such initiators fiom which I can be derived 
include hydrogen ion, hydrogen radical, hydride ion, hydroxide ion, hydroxyl radical, 
peroxide radical, peroxide anion, C1-C20 carbocations, C1-C20 carbanions, C1-C20 
carbon radicals, C1-C20 aliphatic and aromatic alkoxy anions, ammonium ion, and 
substituted ammonium ions (e.g., C1-C20 alkyl and CI-C20 alkoxy substituted), and 
mixtures thereof. I can be derived fiwm any useful solvent, nonlimiting examples of 
which include water, methanol, ethanol, propanol, isopropanol, acetone, hexane, 
dichloromethane, chloroform, benzene, toluene, and mixtures thereof 

W is selected fiom one or more monomer units. Nonlimitmg classes of such 
monomers include C1-C18 acrylate esters, C1-C18 methactylale esters, C2-C30 straight 
and branched chain alkenes, styrenes, C1-C30 vinyl ethers, C4-C30 straight and 
branched ch^n dienes, and mixtures thereof. 

Nonlimiting examples of W groups include those selected from the group 
consisting of t-butyl acrylate, acrylic acid, methacrylic acid, n-propyl methacrylate, iso- 
butyl acrylate, n-butyl acrylate, dodecyl acrylate, ethyl acrylate, 2-ethybutyl acrylate, n- 
heptyl acrylate, n-hexylacrylate, iso-butyl acrylate, iso-decyl acrylate, iso-propyl 
acrylate, 3-methylbutyl acrylate, 2-methylpentyl acrylate, nonyl acrylate, octyl acrylate. 
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1 -propyl acrylate, 2-ethylhexyl methacrylate, octyl methacrylate, n-dodecyl 
methacrylate, n-octadecyl methacrylate, n-decyl methacrylate, n-pentyl methacrylate, 
isobutylene, isoprene, 1,2-butadiene, 1,3-butadiene, 5-methyl-l-hexene, 6-methyi-l- 
heptene, 4,4-dimethyl-l-pentene, iso-butyl vinyl ether, stryene,. 2-methyl styrene, 3- 
methylstyrene, 4-methyl stjrrene, 2-t-butyl styrene, 3-t-butyl styrene, 4-t-butyl styrene,. 
and mixtures thereof. A mixture of W units can be used herein. Additionally, these 
macromonomers can comrpise polymers derived from the polymerization of acrylates, 
metbacrylates, and other ethylenic moieties. The polymers derived fiom these W units 
can be selected for have either high (>25*'C) or low Tg (< 25°C) values. The term Tg 
means glass transition temperature, which is familiar to one of ordinary skill in polymer 
science. 

E is a copolymerizable moiety or "endcapping" group. Preferably E is an 
ethyleneically unsaturated moiety. More preferred is when E is selected from the group 
consisting of vinyl, allyl, acryloyl, methacryloyl, ethacryloyl, 2-vinylbenzyl, 3- 
vinylbenzyl, 4-vinylbenzyl, 2-vinylbenzoyl, 3-vinylbenzoyl, 4-vinylbenzoyl, 1-butenyl, 
1-propenyl, isobutenyl, cyclohexenyl, cyclopentenyl, and mixtures thereof. Even more 
preferred is when E is selected from the group consisting of vinyl, allyl, acryloyl, 
methacryloyl, ethacryloyl, 3-vinylbenzyl, 4-vinylbenzyl, 3-vinylbenzoyl, 4-vinylbenzoyl, 
l-butenyl, 1-propenyl, isobutenyl, and mixtures thereof. Most preferred is vtben E is 
selected fixjm the group consistii^ of vinyl, allyl, acryloyl, methacryloyl, ethacryloyl, 3- 
vinylbenzyl, 4-vinylbenzyl, and mixtures thereof 

Nonlimiting examples of macromonomer units useful herein include those 
selected from the group consisting of acryloyl, methacryloyl, or 3-, or 4-vinylbenzyl 
endcapped polymers of poly(n-butyl acrylate), poly(dodecyl acrylate), poly(2-ethylhexyl 
acrylate), poly(2-ethylbutyl acrylate), poly(n-ethyl acrylate), poly(n-heptyl acrylate), 
poly(n-hexyl acrylate), poly(iso-butyl acrylate), poly(iso-decyl acrylate, poly(iso-propyl 
acrylate), poly(3-methylbutyl acrylate), poly(2-methylpentyl acrylate), poly(nonyl 
acrylate), poly(octyl acrylate), poly(propyl acrylate), poly (2-e1hylhexyl methacrylate), 
poly(tridecyl methacrylate), poly (hexyl methacrylate), poly(decyl methacrylate), 
poly(octyl methacrylate), poly(octadecyl methacrylate), poly(dodecyl methacrylate), 
poly(n-pentyl methacrylate), poly(isobutylene), poly(isoprene), hydrogenated poly(l,2- 
butadiene), hydrogenated poly(l,4-butadiene), hydrogenated poly(isoprene), poly( 1,2- 
butadiene), poly(l-butene), poly(5-methyl-l-hexene), poly(6-methyl-l-heptene), 
poly(4,4-dimelJiyl-l-pentene), poly(iso-butyl vinyl ether), poly[4-t-butyl vinyl benzene- 
co-2-ethylhexyl acrylate], poly[2-ethylhexyl acrylate-co-octyl acrylamide), poly[2-ethyl 
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vinyl benzene-co-octyl_methacrylate)], poly(n-propyl methacrylale-co-methacrylic acid), 
and mixtures thereof. 

Neutralized Copolymers 

As is known in the art, polymers which have acidic functionalities, such as 
carboxyl groups, are usually used in at least partially neutralized form to promote . 
solubility/dispersibility of the polymer. In addition, use of the neutralized form aids in 
tiie ability of the dried compositions to be removed from the hair or skin. When 
neutralized, it is preferred that from about 10% to 100%, more preferably from about 
20% to about 90%, and even more preferably from about 40% to about 85%, of the 
acidic monomers of the copolymer be neutralized. 

Any conventionally used base, including organic or inorganic (metallic or other) 
bases, can be used for neutralization of the polymers. Metallic bases are particularly 
useful in the present compositions. Hydroxides, where the cation is ammonium, an 
alkali metal or an alkaline earth metal, are suitable neutralizers for use in the present 
compositions. Preferred neutralizing agents for use in compositions of the present 
invention are potassium hydroxide and sodium hydroxide. Examples of other suitable 
neutralizing agents which may be included in the compositions of the present invention 
include amines, especially amino alcohols such as 2-amino-2-methyl-l,3-propanediol 
(AMPD), 2-amino-2-ethyl-l,3-propanediol (AEPD), 2-mino-2-methyl-l-propanol 
(AMP), 2-amino-l-butanol (AB), monoethanolamine (MEA), diethanolamine (DEA), 
triethanolamine (TEA), monoisopropanolamine (MIPA), diisopropanolamine (DIPA), 
triisopropanoiamine (TTPA) and dimethyl stearamine (DMS). Particularly usefiil 
neutralizing agents are mixtures of amines and metallic bases. 

Polymers having basic functionalities, e.g., amino groups, are prefisrably at least 
partially neutralized with an acid, e.g., hydrochloric acid. 

Neutralization can be accomplished by techniques well known in the art, and 
before or after polymerization of the monomers comprising the graft copolymer. 

Solubility of the copolymer, as described above, should be determined after 
neutralization, if any, as well as after addition of other ingredients that may be included 
in the copolymer/solvent systems. 
Preferred Polymers Of The Present Invention 

Nonlimiting examples of preferred polymers of the present invention include 
those selected fix)m the group consisting of poly[(t-butyiacrylate-co-n-butylacrylate-co- 
acrylic acid)-grafl- poly(t— butylacrylate-co-jKaylic acid)-graft-[poly(isobutylene)], 
poly(4-t-butylstyrene-co-methacrylic acid)-graft-[(poly(isobutylene)], poly[(t- 
butylstyrene-co-methacrylic acid)]-grafl-[poly(2-ethylhexyl methacrylate))], poly[(t- 
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butylaciylate-co-2-methoxyethyl acryiate-co-methacrylic acid)]-graft[poly(n-propyl 
methacrylate-co-methacrylic acid)], poly[(t-bu1ylacrylate-co-2-methoxyethyl acrylate-co- 
methacrylic acid)]-graft-poly(n-propyI methacrylate-co-acrylic acid)], poiy[(t- 
butylacrylate-co-2-methoxyethyl acrylate-co-methacrylic acid)]-graft-[poly(styTene-co- 
methacrylic acid)], and mixtures thereof. 

Nonlimiting examples of preferred polymers of the present invention include those 
selected fiom the group consisting of poly[(t-l)utylacrylate-co-2-methoxyethyl acrylate- 
co-methacrylic acid)]-graft-poly(n-propyl methacrylate-co-methacrylic acid). 

More specific examples of copolymers of the present invention include the 
following, where the composition is given as weight percentage of each monomer used 
in the polymerization reaction (i.e. the weight percentage of the monomers and 
macromonomers charged). 

polv(t-butylacrvlate-co-2-methoxYethYlacrYlate-co-acrYlic acid)-graft-rpolY(n-propyl 

ipethacTYlgt^-ffg-mgHlwryUQ agjd)] having a weight average molecular weight of about 
150,000, comprising about 22% t-butylacrylale, 42% 2-methoxyethylacrylate, 18% 
acrylic acid, 18% poly(n-propylmethacrylate-co-methacrylic acid) macromonomer with 
a weight average molecular weight of about 6000. 

polvr(t-butvlacrvlate-co-2-metfaoxvethvl acrvlate-co-acrvlic acidVgraft- 

rpolvCisobutvlenell having a weight average molecular weight of about 200,000, 
comprising about 40% t-butylacrylate, 20% n-butylacrylate, 20% acrylic acid, with a 
molecular weight of about 10,000, and 20% poly(isobutylene) macromonomer with a 
molecular weight of about 4,000.. 

Solvent 

The compositions of the present invention comprise fixxm about 70% to about 
99.9%, preferably from about 75% to about 98%, and more preferably from about 85% 
to about 98%, by weight of the composition, of a solvent for the copolymer. The solvent 
is selected from the group consisting of water, ethanol, n-propanol, isopropanol, and 
mixtures thereof. 

Where water and alcohol mixtures are used, for instance, waterrethanol or water- 
isopropanol-ethanol, the water content of the compositions is generally in the range of 
from about 0.5% to about 99%, preferably from about 5% to about 50%, by weight of 
the total composition. In such mixtures, the alcohol solvents are generally present in the 



wo 98/48770 PCT/US98/08347 



range of from 0.5% to about 99%, preferably from about 50% to about 95%, by weight 
of flie total composition. 

In yet another aspect of this invention are provided hair spray compositions 
which contain reduced levels of volatile organic compounds such as solvents. As used 
herein, "volatile organic compounds" or "VOCs" are those organic compounds that 
contain less than 12 carbon atoms or have a vapor pressure greater than about 0.1 mm of 
mercury. A reduced volatile organic compound hair spray composition of the present 
invention contains no more than 80% volatile cyanic compotmds. 
Properties Of The Dried Copolymer Component 

The copolymer component of the personal care compositions of the present 
invention, when dried, have specific physical properties as defined by the cohesive 
strength and total energy absorption per unit area. The dried copolymer components also 
exhibit specific impact strength properties, and when used in the preferred hairspray 
embodiments of the present invention have an improved removeability as defined in 
terms of hair stif&ess and flaking values. 

Cohesive Strength (ksrffmafi'i 

Cohesion is the strength of the bonds formed v^thin a sample, e,g., a dried hair 
copolymer solvent composition. The cohesive strength, which is designated as kgfi^mm^ 
(kilograms of force per square millimeter) is the maximum imit stress a material will 
withstand when being subjected to displacement in tension. Stress is the ratio of 
measured load (kg X f) to the original cross-sectional area (mm^) of the sample. 

The cohesive strength of the dried copolymer components of the current invention 
are determined using the following method. This method is based on ASTM 
Designation: D 638-91, Standard Test Method for T ensUe Properties of Plastics. 
Published January 1992, herein incorporated by reference in its entirety. The following 
test method to measure cohesive strength is similar to the ASTM standard, however, 
several modifications are made to better represent the tensile properties of the dried 
films. The measurements are made at about 73**F and about 50% relative humidity. The 
test method, described herein specifically uses a modified dumbbell shape with a 
thickness equal to about 0.4 mm., and uses an Instron Model Mini-S5 (available from 
Instron Corporation, Canton, MA) as the testing machine for applying the force to the 
polymer film samples. 

A dried film sample is prepared by drying an amount of the hair spray composition 
(i.e., the silicone-containing adhesive copoljrmer and solvent selected from the group 
consisting of water, ethanol, n-propanol, isopropanol, and mixtures thereof, and any 
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additional optional components) in a flat-bottomed aluminum mold coated with PFA 
(perfluoroalkoxy) Teflon®. The copolymer film is dried at about 73°F and about 50% 
relative humidity until film has attained a "constant weight". By "constant weight" is 
meant that there is less than a 1% weight fluctuation in the sample over a period of 24 
hours. The drying fillm should be kept in an area protected firom air currents, which could 
result in non-uniform drying and formation of air bubbles. The copolymer film is cut 
into a dumbbell shape for testing . The sample should be substantially fiiee of defects, 
i.e. o-acks, chips, tears, etc. Figures 1 and 2 illustrate the planar dumbbell shaped film to 
be used in the tensile testing described herein for the cohesive strength and the total 
energy absorption per unit volume. Figure 1 illustrates an overhead view of the 
dumbbell shaped sample. Figure 2 illustrates a cross section through the dimibbell 
shaped sample. The width of the narrow section, 1, of the dumbbell is about 3 mm (1 = 3 
mm). The length of the narrow, 3 mm., section of the dumbbell, 3, is about 13 mm. (3 = 
13 mm.). The gauge length of the narrow section, 2, is the initial film length used in the 
determination of the strain of the sample. The gauge length is equal to or less than the 
length of the narrow section, preferably equal to the length of the narrow section (i.e., 2 = 
3). The width of the ends of the dumbbell, 4, are about 10 mm. (4 = 10 mm.). The 
distance between end sections of the film, 5, is about 28 mm. (S = 28 mm.). The overall 
length of the film, 6, is about 64 mm, (6 = 64 nam.). The length of the wide ends of the 
film is about 18 mm. ( (6-5)/2 = 18 mm.). The transition sections between the wide ends 
and the narrow section of the film are about 6.5 mm. in length (i.e. (5-3)/2 = 6.5 mm.). 
Also the end portions of the narrow, center portion should be smoothly curved to avoid 
any stress points in the sample. The curve of the transition section, should have a radius, 
7, of fix)m about 0.5 in. to about 5 inches, and should join tangentially to the narrow 
section. The film is formed to a thickness, 8, of 0.4 mm. (8 « 0.4 mm.). The dumbbell 
shaped samples are further equilibrated to a "constant weight". By "constant weight" is 
meant that over a selected 4 day period, there is no more than 0.2% average weight gain 
or loss, relative to the dumbbell's measured weight 4 days previous and no more than ± 
0.2% weight drift should be observed between two consecutive measurements in the four 
day period of time. The dumbbell should be tested within a 7 day period of reaching this 
constant weight. 

The samples are tested on a calibrated Instron Model Mini-55 tensile tester. Before 
mounting the sample into the Instron, the length, 3, width, 1, and thickness, 8, of the 
narrow section of the dtraibbell shaped sample are measured to the nearest micron with a 
calibrated micrometer. The dimensional measurements are required by the Instron for 
force per irait area calculations. The wide ends of the dumbbell samples are clamped into 
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the Instron and pulled at a crosshead rate of 5 mm. per minute. The Instron tester 
measures the overall forces (e.g., kgf) applied to the film. These forces are spread over 
the cross sectional area of the narrow section of the film. The cohesive strength of the 
copolymer is the maximum unit force measured by the Instron divided by the cross 
sectional area of the narrow portion of the film 

The dried copolymer component of the compositions of the present invention have 
a cohesive strength of greater than about 0.5 kgf/nmfi, preferably greater than about 0.6 
kgfmm^, and more preferably greater than about 0.7 kgfi'mm^. 

Total Enerev Absorption Per Unit Volume (e.g.. kgfinm/mm^) 

The total energy absorption per unit volume, which is designated as kgfmm/mm^ 
(kilograms of force millimeters per millimeter cubed), is the ratio of the total energy 
required to reach the autobreak point (in kgf X mm) to the origuial volume of the sample 
(mm^). The total energy requu^ to reach the break point is calculated using standard 
techniques by determining the area imder a load versus displacement curve for the 
sample. The total energy absorption per unit volume is also known as "toughness" by 
those skilled in the art of polymer science and materials testing. 

The measurements are made at about 73°F and about 50% relative humidity. 

The dried copolymer componoit of the compositions of the present invention have 
a total energy absorption per unit volume of greater than about 0.55 kgfinmi/mm^, 
preferably greater than about 0.75 kgj&nm/mm^, more preferably greater than about 1.10 
kgfmm/mm^, more preferably greater than about 1.60 kgfinm/mm^, and most preferably 
greater than about 2.15 kgfinm/mm^. 

Impact Strength 

Impact strength is the mean-failure energy (mass X gravity X height) required to 
produce sample fidlure, e.g., in a dried hair spray composition. The sample failure is 
characterized by a crack or split created by the impact of the falling weight that can be 
seen by the naked eye under nomiEd laboratory lighting conditions. 

The impact strength of the dried copolymer componoits of the compositi(Mis of the 
current invention are determined using the following meAod. TTiis method is based on 
ASTM Designation: D 5420-93, Standard Test Method for Ip mact Resistance of Flat. 
Rigid Plastic Specimen bv Means of a Striker Impacted bv a Falling Weight (Gardner 
Impact^ Published 1995, herein incorporated by reference in its entirety, however, 
several modifications are made to better represent the impact properties of the dried film. 
The measurements are made at about 73°F and about 50% relative humidity. 
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The test method, described herein specifically uses rectangular shaped samples with 
a thickness equal to about 0.4 mm, and uses a GCA/Precision Scientific Penetrometer 
modified to drop a blunt &ced probe to a distance of 70 mm and equipped with a 
Precision Scientific solenoid controller for GCA Penetrometer, a blunt faced cylindrical 
probe with a surfece area of 8 mm2 (OK M&T Corp. - part# WSU30), and a rider which, 
measures in 1 nmi increments. 

The samples are prepared using the film drying method described above in the 
cohesive strength measurements. The copolymer film is cut into the rectangular shape, 
e.g. 10 mm X 20 mm. The thickness of the sample is 0.4 nmi. The film thickness of 
various test samples should be maintained within ±15% of 0.4 mm. 

The following measurement process is used. Turn on the solenoid operated probe 
release controller. The controller should begin to cycle on and off as indicated by a red 
light. Be sure the probe face is flush with the impact surface so that the sharp edge of the 
probe does not strike the film. Place a film sample on the Impact Tester over the target 
area. Direct the metric ruler gently on the film sample. Direct the lightening source 
across the surface of the sample such tibat the light source is in the same plane as the 
surface of the film. Small fi:actures in the film will reflect light and be easily detected. 
Move the probe up to desired drop distance. A suggested distzmce progression is: 1 mm, 
3 mm, S mm, 10 mm, IS nun, 20 mm, 25 mm, and fijrther 5 mm increments up to 70 
mm. (70 mm is the upper limit of the instrument). Turn on the instrument switch, to 
drop the probe onto the sample. The first step in the measurement of impact energy is to 
find the range of probe height necessary to fi-acture the film. Start at 1 mm for the fust 
step. Continue to move up according to the suggested distance progression until a 
fracture is observed. When a fi^cture is observed make a note of it and move to a new 
sample. The second step in detenmning impact energy is to set a new sample and start 
drop at an observed fiucture point in the range procedure. Set a new film sample and 
move the probe to the next lowest setting. If the film fi-actures, record result and repeat 
previous step. If the fihn does not fim^ture, set a new sample and move to the next 
distance. Continue to set new samples and increase the drop distance until the film 
firactures. Continue the procedure until 5 finctures are observed. Calculate the amoimt 
of work energy, i.e. the fi-acture strength using the following formula: 

W = m X g X h, where 

W = amoimt of work energy in ergs, 

m = mass of probe (59.53 g) (The probe is removable and can be replaced with one 
of different mass or impact surface area), 
g = gravitational constant (980.665 cm/sec^). 
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h = average distance probe travels to impact (cm). 

The dried hair spray compositions of the present invention have an impact strength 
of greater than about 7000 ergs, preferably greater than about 20,000 ergs, and more 
preferably greater than about 50,000 ergs. 

Hair Spray RemoveftjyMjf y 

The adhesive copolymers herein have improved removeability when used m the 
preferred hairspray embodiments of the present invention. In this context, removeability 
means that the adhesive copolymers are more easily removed from the hair or other 
applied surface during shampooing. 

For purposes of defining the preferred hair spray compositions of the present 
invention, removeability is determined indirectly by evaluating hair stiffness and the 
appearance of observable white flakes after treating the hair in accordance with the 
removeability methodology described hereinafter. It has been found that the 
removeability of a hair spray formulation after shampooing correlates with the resulting 
stiffiiess/softness of the hair and the appearance/ncmappearance of white flakes on the 
hau: after a series of shampooing cycles. The hau- spray compositions of the present 
invention have high removeability e.g., reduced stif&ess and reduced white flaking. The 
term "removeability" as used herein therefore refers to hair stifBiess values (0-4 scale) 
and white flaking values (0-4 scale) as measured in accordance with the methodology 
described hereinafter. 

For purposes of the defining the preferred hair spray compositions of the present 
invention, the removeability of the hair spray compositions is defined as a combination 
of hair stiffness values and hair flaking values, wherein the hair spray compositions 
provide hair flakmg values ranging from 0 to about 3.5, preferably from 0 to about 2.5, 
more preferably from 0 to about 2.0, and hair stiffness values ranging from 0 to about 
3.5, preferably from 0 to about 2.5, more preferably fix)m 0 to about 2.0. 

Mgth94plogy: Hairspray Removeability 

Removeability of the hairspray composition of the present invention, as indirectly 
evaluated in terms of hair stifihess and the appearance of white flakes, is determined in 
accordance with the following methodology. The methodology simulates multiple 
application and multi-cycle application of hairspray compositions so as to indirectly 
determine how readily and effectively such hairspray compositions are removed from 
hair. 
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The methodology described herein provides a means of evalxiating hair switches 
blindly treated with hairspray embodiments of the present invention. The method by 
which each hair switch is treated with the hairspray embodiments, and the method by 
which each treated hair switch is then evaluated for removeability .are described in detail 
below. 

Two trained panelists each evaluate identically treated hair switches or sets of 
hair switches for stifihess and the ^pearance of white flakes. The panelists then 
individually assign each of the treated hair switches with a numerical score (0 to 4 scale) 
for hair stiffness and a numerical score for flaking (0 to 4 scale). The order in which the 
hair switches are treated with different hair spray embodiments is randomized and 
conducted round robin. Two identical sets of switches are prepared as described below 
for each panelist so that each has a fresh set of switches to evaluate. Before evaluating 
the blitully treated hair switches, each panelist also evaluates (not blinded) an imtreated 
hair switch as a zero reference for hair stiffoess and flaking. Each panelist also 
evaluates a control treated hair switch as a flaking reference (score 4.0) and another 
control treated hair switch as a hair stiffness reference (score 4.0). The hair stiffiiess 
values as defined herein are determined by averaging the hair stiffiiess scores provided 
by the two panelist. Likewise, the hair flaking values as defined herein are determined 
by averaging the hair flaking scores provided by the two panelists. 

The hair switches are treated with either an aerosol or non-aerosol hair spray 
embodiment of the present invention in accordance with the following steps. The hair 
stiffiiess reference and the flaking reference are also prepared in accordance with the 
following steps, except that each is treated with the corresponding hair spray 
formulations as described hereinafter in Tables 2 and 3. 

1) Vertically suspend a clean hair switch (10 inch European virgin brown hair, 20 
gram) from its bound end and comb (black rubber comb, S inches by 1 inch, 1/2 
fine tooth) through the switch to remove any tangles. 

2) If necessary, use a static gun to eliminate any static bmld-up on the switch. 

3) For non-aerosol products, spray the switch from a distance of 4 inches while 
applying ten pumps of the product to the switch and while moving the atomized 
spray pattern in a fluid up-and-down motion to cover the entire switch, or for 
aerosol products, spray each switch fix)m a distance of 6 inches while applying 
the aerosol stream to the switch for a period of 3 seconds and while moving the 
aerosol stream in a fluid up-and-down motion to cover the entire switch. 

4) Repeat step 3 on the opposite side of the switch. 
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5) After spraying the opposite side of the switch, hang the treated switch from its 
bound end to allow it to dry for one hour at ambient temperature, pressure and 
humidity. 

6) Comb the dried switch using a black rubber comb (5 inches x 1 inch, 1/2 inch fine 
tooth) by combing away fiom the boimd end of the switch but Vy initially 
starting toward the unbound end taking smaller strokes and then gradually taking 
larger strokes until the comb passes through the entire unbound length of the 
treated switch. 

7) Repeat steps 1 through 6. 

8) Wet the treated hair switch with water (+15-20 grain hardness, 38°C, 1 gal/min. 
water pressure). 

9) Apply 1 ml of shampoo ( Table 1: methodology shampoo) along the length of the 
front of the wet hair switch and apply another 1 ml of the shampoo along the 
length of the reverse side of the wet hair switch. 

10) Gently milk the switch firam top to bottom (hand over hand between thumb and 
fingers) for IS seconds at 1 stroke per second. 

1 1) Rinse the hair switch with water (SS'C, +15-20 grain hardness, 1 gal/min. water 
pressure) for IS seconds. Gently squeeze the hair between the first and second 
fingers, drawing the fingers down the switch after 5 seconds, 10 seconds, and 
after final rinse. 

12) Hang the treated switch and allow it to dry for two hours at 60°C in a hot box. 

13) Remove the dried switches from the hot box. 

14) Comb the dried switch using a black rubber comb (5 inches x 1 inch, 1/2 inch fine 
tooth) by combing away fixim the bovmd end of the switch but by mitially 
starting toward the unbound end takmg smaller strokes and then gradually taking 
larger strokes until the comb passes through the entire unbound length of the 
treated switch. 

15) Repeat steps 1-14. 

16) Repeat steps 1-13. 

17) A panelist then evaluates the treated switch by feeling it between their first and 
second fingers of their dominant hand and between their thumb and other fingers 
for stiffness and resistance to bending, and then assigns to the treated switch a 
hair stiffness score (0 to 4 scale). The value of the assigned score is relative to 
the hair stiffness reference score (4) and the untreated reference score (0). 

18) The panelist then combs the evaluated switch in accordance with the procedure 
set forth in Step 14 above, and then visually evaluates the combed switch for 
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white flakes, coating, and white haze and assings it a hair flaking score (0 to 4 
scale). The value of the assigned score is relative to the hair flaking reference 
score (4) and the untreated reference score (0). 



Table 1 : Methodology Shampoo 



Ingredient List 


Percent Composition 
As Added 


Percent 
Composition 
Chemical 
Content 


Sodium Laureth Sulfate 


40.0000 


10.0000 


Water - USP Purified 


30.3000 


30.3000 


Sodium Lauryl Sulfate 


29.1000 


8.0025 


CocamideDEA 


.5000 


.4000 


Kathon CG 


.1000 


.0015 


Citric Acid Solution (50% 
active) 


♦* adj. from 0- 1% 

(note: 
water level qs. to 

100%) 





Table 2: ffigh Flaking Control 



Raw Materials 


Percent 
Composition 
As Added 


Percent 
Composition 
Chemical Content 


Octylacrylamide/Acrylates/Butylaminoethyl 
Methacrylate Copolymer (National Starch lot 
AF-6713) 


4.50 


4.50 


Water -ySP Purified 


15.50 


15.50 


Ethanol (SDA 40) 


80.00 


80.00 


Table 3: High Stiffiaess Control 


Raw Materials 


Percent 
Composition 
As Added 


Percent 
Composition 
Chemical Content 


Octylacrylamide/Acrylates/Butylaminoethyl 
Methacrylate Copolymer (National Starch lot 
AF-6713) 


6.00 


6.00 


Aminomethyipropanol, 95% 


1.04 


0.99 


Water - USP Purified 


15.50 


15.50 


Diisobutyl Adipate 


0.20 


0.20 



SUBSTITUTE SHEET (RULE 26) 
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lEthanoI (SPA 40) | 80.00 | 80.00 | . 

Each of the formvilations described in Tables 1-3 are prepared by conventional 
formulation and mixing techniques. 

Optional Ingredients 

The compositions of the present invention can also comprise a wide variety of 
optional ingredients that are suitable for application to human hair. 

The compositions hereof can optionally contain a plasticizer for the copolymer. 
Any plasticizer suitable for use in hair care products or for topical appUcation to the skin 
or hair can be used. A wide variety of plasticizers are known in the art. These include 
glycerin, diisobutyl adipate, butyl stearate, propylene glycol, tri-C2-Cg alkyl citrates, 
including triethyl citrate and tri-propyl, -butyl, -pentyl, etc., analogs of triethyl citrate. 
Triethyl citrate is preferred. 

Plasticizers are typically used at levels of from about 0.01% to about 10%, by 
weight of the composition, preferably from about 0.05% to about 3%, more preferably 
firom about 0.05% to about 1%. Preferably, the weight ratio of graft copolymer to the 
plasticizer is from about 1:1 to about 40:1, preferably from about 2:1 to about 30:1, 
more preferably from about 3 : 1 to about 25: 1. 

Optionally, the compositions of the present invention can contain an effective 
amount of a non-sur&ce active ionic strength modifier system for reducing the viscosity 
of the hair spray composition. When used, the ionic strength modifiers will be present in 
the present compositions at a level of at least about 0.01%, by weight of the composition. 
The upper limit is dependent upon the maximum amount of the ionic strength modifiers 
that can be present in the particular compositions hereof such that the hair setting resin 
remains solubilized or dispersed. As will be understood by those skilled in the art, as the 
ionic strength of the composition is increased, the resin will eventually fell out of 
solution, or otherwise no longer remain solubilized or dispersed in the hydrophilic liquid 
earner. The upper lirah of the ionic strength modifier system level will vary depending 
upon the particular ionic strength modifiers, liquid vehicle, resin, and other ingredients 
present in the composition. Thus, for example, the maximum amount of the ionic 
strength modifiers that can be used will tend to be lower for compositions with liquid 
vehicles containing less water, compared to compositions with more water. Generally, 
the compositions will comprise about 4%, by weight, or less of the ionic strength 
modifiers, more generally about 2% or less, and typically about 1% or less. Preferably, 
the compositions hereof will comprise fix)m about 0.01% to about 0.5%, more preferably 
fix>m about 0.01% to about 0.1%, of the ionic strength modifier system. 
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The ionic strength modifier system comprises a mixture of monomeric cations 
and anions. The ions of the ionic strength modifier system hereof are non-surface active, 
i.e. they do not significantly reduce surface tension. For purposes hereof, non-surface 
active shall mean the ions, which at a 0.5% aqueous solution concentration, reduce 
surface tension by no more than S.O dynes/cm^. Generally, the ions of the ionic strength 
modifier system hereof will be characterized by having, at maximum, four or less carbon 
atoms per charge, preferably two or less carbon atoms, in any aliphatic chain or straight 
or branched chain organic heterochain. 

The ionic strength modifier system comprises monomeric ions of the type which 
are products of acid-base reactions. Thus, basic and acidic ions OH" and do not 
constitute part of the ionic strength modifier system hereof, although they may be 
present in the composition. The ions hereof are incorporated into the composition in a 
form such that they can exist in the composition as free ions, i.e., in dissociated form. It 
is not necessary that all of the ions added exist in the composition as fi-ee ions, but must 
be at least partially soluble or dissociated in the composition. The ionic strength 
modifiers can be incorporated into the hair styling compositions, for example, by 
addition of soluble salts, or by addition of mixtures of acids and bases, or by a 
combination thereof It is a necessary aspect of the invention that both anions and 
cations of the ionic strength modifier system be included in the composition. 

Suitable cations for use include, for example, alkali metals, such as lithium, 
sodium, and potassium, and alkaline-earth metals, such as magnesium, calcium, and 
strontium. Preferred of the divalent cations is magnesium. Preferred monovalent metal 
ions are lithium, sodium, and potassium, particularly sodium and potassium. Suitable 
means of addition to the compositions hereof include, for example, addition as bases, 
e.g., hydroxides, sodium hydroxide and potassium hydroxide, and such as salts that are 
soluble in the liquid carrier, e.g. salts of monomeric anions such as those described 
below. 

Other suitable cations include organic ions, such as quaternary ammonium ions 
and cationic amines, such as ammonium mono-, di-, and triethanolamines, triethylamine, 
morpholine, aminomethylpropanol (AMP), aminoethylpropanediol, etc. Ammonium 
and the amines are preferably provided in the forms of salts, such as hydrochloride salts. 

Monomeric anions that can be used include halogen ions, such as chloride, 
fluoride, bromide, and iodide, particularly chloride, sulfate, ethyl sulfate, methyl sulfate, 
cyclohexyl sulfamate, thiosulfate, toluene sulfonate, xylene sulfonate, citrate, nitrate, 
bicarbonate, adipate, succinate, saccharinate, benzoate, lactate, borate, iselhionate, 
tartrate, and other monomeric anions that can exist in dissociated form in the hair styling 
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composition. The anions can be added to the compositions hereof, for example, in the 
form of acids or salts which are at least partially soluble in the liquid vehicle, e.g., 
sodium or potassium salts of acetate, citrate, nitrate, chloride, sulfate, etc. Preferably, 
such salts are entirely soluble in the vehicle. 

The use of ionic strength modifiers are especially useful in reduced volatile 
organic solvent compositions. 

The present compositions can also contain various hydrophobic volatile solvents 
such as cyclomethicone and volatile hydrocarbons such as isododecane and 
isohexadecane. 

The present compositions can contain a wide variety of other optional 
ingredients, including among them any of the types of ingredients known in the art for 
use in hair care compositions, especially hair setting compositions such as especially hau- 
spray compositions and hair setting tonics. Generally, such other adjuvants collectively 
can comprise fi'om about 0.05% to about 5% by weight and preferably &om about 0.1% 
to about 3%, by weight. Such conventional optional adjuvants are well known to those 
skilled in the art and mclude, but are not limited to, surfactants (which may be anionic, 
cationic, amphoteric, or zwitterionic and vMch include fluorinated surfactants and 
silicone copolyols), propellants, hair conditioning agents (e.g., silicone fluids, fiitty 
esters, fatty alcohols, long chain hydrocarbons, cationic surfactants, etc.); emollients; 
lubricants and penetrants such as various lanolin compounds; protein hydrolysates and 
other protein derivatives; ethylene adducts and polyoxy ethylene cholesterol; dyes, tints, 
bleaches, reducing agents and other colorants; pH adjusting agents; sunscreens; 
preservatives; thickening agents (e.g, polymeric thickeners, such as xanthan gum); and 
perfume. 

Personal Care Products 

The compositions of the present invention can be formulated as a wide variety of 
personal care products. Such products can include shampoos, soaps, hairsprays, lotions, 
creams, antiperspirants, anti-acne products, nail enamels, lipsticks, foundations, 
mascaras, and sunscreens. 

hi preferred embodiments, the compositions of the present invention are 
formulated as hair spray compositions. These hairspray compositions preferably have 
removeability values as defined hereinbefore, and may be dispensed as sprayed or 
atomized products from containers which are pump spray dispensers or aerosol canisters. 
Such containers are well known to those skilled in the art and are commercially available 
fi-om a variety of manufiicturers, includmg American National Can Corp. and 
Continental Can Corp. 
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When the hair spray compositions are to be dispensed from a pressuri2Bd aerosol 
container, a propellant which consists of one or more of the conventionally-known 
aerosol propellants can be used to propel the compositions. A suitable propellant for use 
can be generally any liquifiable gas conventionally used for aerosol containers. Suitable 
propellants for use are volatile hydrocarbon propellants vsliich can include liquified 
lower hydrocarbons of 3 to 4 carbon atoms such as propane, butane and isobutane. 
Other suitable propellants are hydrofluorocarbons such as 1,2-dilluoroethane 
(Hydrofluorocarbon 152A) supplied as Dymel 152A by DuPont. Other examples of 
propellants are dimethylether, nitrogen, carbon dioxide, nitrous oxide, and atmospheric 
gas. The hydrocarbons, particularly isobutane, used singly or admixed with other 
hydrocarbons are preferred. 

The aerosol propellant may be mixed with the present hair spray compositions 
and the amount of propellant to be mixed is governed by normal factors well known in 
the aerosol art. Generally, for liquifiable propellants, the level of propellant is fixun 
about 10% to about 60% by weight of the total composition, preferably fi?om about 15% 
to about S0% by weight of the total composition. 

Alternatively, pressurized aerosol dispensers can be used where the propellant is 
separated from contact with the hair spray composition such as a two compartment can 
of the type sold under the tradename SEPRO from American National Can Corp. 

Other suitable aerosol dispensers are those characterized by the propellant bemg 
compressed air which can be filled into the dispenser by means of a pump or equivalent 
device prior to use. Such dispensers are described in U.S. Patents 4,077,441, March 7, 
1978, Olofsson and 4,850,577, July 25, 1989, TerStege, both incorporated by reference 
herein, and in U.S. Serial No. 07/839,648, Gosselin et al., filed February 21, 1992, also 
incorporated by reference hereio. Compressed air aerosol containers suitable for use are 
also currently nuaketed by The Proctra: & Gamble Company under their tradename 
VIDAL SASSOON AIRSPRAY® hair sprays. 

Conventional nonaerosol pump spray dispensers, i,e., atomizers, can also be 

used. 

Other hair styling compositions include tonics and lotions, which are typically 
dispensed in a conventional bottle or tube, and applied directly to the hair or first 
dispensed to the hand and then to the hak. 

Method of Making 

The compositions of the present invention, including the preferred hairspray 
embodiments, can be made using conventional formulation and mixing techniques. The 
adhesive copolymer and the solvent are mixed to provide a homogeneous mixture. Any 
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Other ingredients are tlien added and mixed to yield the final composition. If the polymer 
is neutralized, the neutralizer is preferably added prior to addition of other ingredients. 
For hair spray products, the composition is packaged in conventional mechanical pump 
spray devices, or alternatively, in the case of aerosol sprays products, the composition is 
packs^ed in conventional aerosol canisters along with an ^propriate propellanf system. 

Method of Uge 

The compositions of the present invention, including the preferred hairspray 
embodiments of the present invention, are used in conventional ways to provide the 
benefits of the present invention. These products can be applied to the skin or hair. 
Typical amounts of products can range from about 0.1 mg/cm^ to about 25 mg/cm^ of 
skin or hair, although a wider range can be used depending upon the exact product 
application. For hair care products, the methods generally involve application of an 
effective amount of the product to dry, slightly damp, or wet hair before and/or after the 
hair is dried and arranged to a desired style. Application of the product is normally 
effected by spraying or atomizing die product using an appropriate device, e.g. a 
mechanical pump spray, a pressurized aerosol container, or other appropriate means. 
The composition is then dried or allowed to dry. By "effective amount" is meant an 
amount sufficient to provide the hair hold and style benefits desired. In general, from 
about 0.5g to about 30g of product is ^lied to the hair, depending upon the particular 
product formulation, dispenser type, length of hair, and type of hair style. 

The following Experimentals and Examples further illustrate embodiments 
within the scope of the present invention. They are given solely for the purposes of 
illustration and are not to be construed as limitations of the present invention as many 
variations of the invention are possible without departing from its spirit and scope. 
Examp les 

The following examples further describe and demonstrate embodiments within the 
scope of the present inventioiL The examples are given solely for the purpose of 
illustration and are not to be construed as limitations of the present invention, as many 
variations thereof are possible without departu^ from the spirit and scope of the 
invention. Ingredients are identified by chemical or CTFA name. 

Examples 1 - 4: Svntiieses of macromonomers and copolvmers. 



Example 1 
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Synthesis of Vinvlphenvl-terminated Polv(n-Propvl methacrvlate-co-Methacrvlic Acid) 
M^cromonomer 

Into a lound-bottomed-flask fitted with magnetic stirring and under slight argon pressure 
(8 psi), is added tetrahydroiiiran (IL), trimethylsilylmethacrylate (lOOg, 0.632 mole), and 
n-propylmetfaaciylate (lOOg, 0.780 mole). The solution is cooled to -80C then initiated 
with diphenylhexyllithium (0.0275 moles) for chain propagation via anionic 
polymerization mechanism. After continuous stirring for 0.5 h, vinylbenzoyl chloride 
(8.33 mL, 0.05 mole) is charged to the solution and continued stirring for 0.5 h. The 
solution is then warmed to ambient temperature and H2O (lOmL) is added and stirred for 
0.25 hours to deprotect the acid groups. The macromonomer, which has a weight 
average molecular weight of about 6000, is obtained by precipitating the resulting 
solution in hexanes, collecting precipitate, and drymg under vacuum. 

Example 2 

Synthesis of Polvft-butvlacrvlate-co-2-methoxvethvlacrvlate-co-acrvlic acidVeraft- 
rpolvfPropvl methacrvlate-co-Methacrvlic Acid->1 Cooolvmer 

To a round-bottomed-flask equipped with a reflux condenser, temperature 
control, mechanical stirring mechanism, and under slight argon pressure (8psi), is added 
acetone (0.5L), t-butylacrylate (24g), 2-methoxyefliylacrylate (38g), acrylic acid (19g), 
and vinylphenyl-terminated (n-propylmethacrylate-co-methacrylic acid) macromonomer 
(19g) (from. Example 1). Solution is stirred imtil all components are dissolved, then 
heated to 60C. Azobisisobutjoronitrile (0.7g) is charged to the system. After lOh, 
solution is cooled and precipitated in water to yield silicone modified graft copolymer. 

Example 3 

Synthesis of Acrylgyl Encapped Polyisobutylene Macromonomer 

Prepare a solution of 100 grams (0.024 mol) hydroxyl eaicapped polyisobutylene 
polymer (PIB-OH) having a weight average molecular weight of 4,172 g/mol by 
conventional living carbocationic polymerization of isobutylene (for example, as 
described in G. Kaszas, Poly. Bull., 20, 413 (1989). Add a two fold mole excess (4.84 g, 
0.048 mol) triethylamine to the solution. Add this solution dropwise to a solution of 
aciyloyl chloride (4.35 g, 0.048 mol) in dry methylene chloride (100 g) at 0 oc. Stir for 
about 12 hours at room temperature, filter the mixture and evaporate the excess 
triethylamine and methylene chloride to obtain acryloyl endcapped polyisobutylene 
macromonomer. 
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Example 4 

Synthesis of Polvfft-butvlacrvlate-co-2-methoxvethvl acrytete-co-acrylic acidVgraft- 
fpolvfisobutylene')] 

Place 22 parts acrylic acid, 44 parts t-butyl acrylate, 22 parts n-butylaciylate, 12 
parts polyisobutylene macromonomer (4172 MW) (from Example 5) in a flask. Add 
sufficient tetrahydrofliran as the reaction solvent to produce a final monomer 
concentration of about 20%. Purge the vessel with an inert atmosphere, preferably 
nitrogen or argon. Add initiator, (2,2'-azobisisobutyronitrile) to a level appropriate for 
the desired molecular weight Typically this is in the range of 0.5% to 1.0% by weight 
relative to the amount of monomer. Heat to 60°C and maintain this temperature for 48 
hours while agitating. Terminate the reaction by cooling to room temperature. The 
polymer is purified by drying off the reaction solvent in an oven. Alternatively, acetone 
can be used in place of tetrahydrofuran, in which case the polymer is precipitated by 
adding water and the precipitated polymer is collected and dried. 

The following examples represent nonaerosol hairspray compositions of the 



present invention. 


























E^campleNo 








Component (wt%) 


5 


6 


7 


8 


9 


10 


11 


12 


Copolymer 4 


4.00 


5.00 


6.00 


4.00 










Copolymer 2 










3.00 


3.50 


2.50 


4.00 


Isododecane^ 


1.00 










1.0 


2.0 




Diisobutyl adipate 


0.40 




0.90 


0.55 








0.40 


Sodium 


0.96 


1.20 


1.44 






120 




1.35 


hydroxide2 


















Potassium 








1.21 


1.00 




0,70 




hydroxide^ 


















Perfume 


0.10 


0.10 


0.10 


0.10 


0.10 


0.15 


0.10 


0.15 


Water 


QSIO 


QSIO 


QSIO 


QSIO 


QSIO 


QSIO 


QSIO 


QSIO 




0 


0 


0 


0 


0 


0 


0 


0 


Sodium Benzoate 










0.10 


0.10 




0.10 


Ethanol4 


76.54 


71.95 


81.56 


71.25 


79.40 


69.26 


78.00 


55.00 



1 PERMETHYL 99A, from Presperse, Inc., South Piainfield, NJ, USA. 

2 Sodium hydroxide is 30% active. 

3 Potassium hydroxide is 45% active. 
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4 SDA 40 (1 00% ethanol). 

Examples 13-18 

The following examples represent aerosol hairspray compositions of the present 
invention. 











Example 


No. 




Component (wt%) 


13 


14 


15 


16 


17 


18 


Copolymer 2 


5.00 


4.00 


3.50 


-- 


— 




Copolymer 4 


— 


... 




4.00 


3.00 


4.00 


Isododecane^ 


0.50 


— 


_-_ 


- 




0.50 


Triethyl citrate^ 


- 


- 


0.21 


- 


- 


- 


Diisobutyl adipate 


0.70 


0.45 


- 


0.40 


0.25 


0.35 


Propylene glycol 


- 




0.30 


- 




... 


Sodium hydroxide^ 


1.00 


- 


- 




1.0 


— 


Potassium 


_ 


0.94 


1.20 


1.04 


... 


1.20 


hydroxide^ 














Perfume 


0.10 


0.10 


0.10 


0.10 


0.10 


0.10 


Water 


QSlOO 


QSlOO 


QSlOO 


QSlOO 


QSlOO 


QSlOO 


Sodium Benzoate 


0.10 


0.10 




0.10 


0.20 




Ethanol^ 


56.69 


57.42 


72.0 


50.0 


30.00 


54.5 


Propellant - 






7.02 


15.00 


10.00 




Isobutane 














Propellant - n-butane 


10.00 












Propellant - 


10.00 






15.00 


15.00 




Dimethyl ether^ 














Propellant - 




25 


15.98 






32.32 



Hydrofluorocarbon 
152a7 

1 PERMETHYL 99A, from Presperse, Inc., South Plainfield, NJ, USA. 

2 CITROFLEX-2, from Morflex, Inc., Greensboro, NC, USA. 

3 Sodium hydroxide is 30% active. 

4 Potassium hydroxide is 45% active. 

5 SDA 40 (100% ethanol). 

6 DYMEL - A, from Dupont. 

7 DYMEL-152a, from Dupont. 

The compositions are prepared as described above, by first mixing the polymer 
with the ethanol, neutralizing the poljrmer with sodium or potassium hydroxide, then 
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adding sequentially (as applicable) with mixing, isododecane, plasticizer, perfiune, and 
water. If sodium benzoate is used, it is added after water addition. Most preferably a 
premix of water and sodium benzoate is made and then added after the main water 
addition. Propellants for aerosol compositions are charged to conventional aerosol 
containers after the remainder of the prepared composition has been added. 

The hair spray embodiments of the present invention described in Examples 5-18 
have high removeability from hair, and when evaluated by the removeability 
methodology described herein, provide a hair stiffiiess value of less than 2.0 and a hair 
flaking value of less than 2.0. 

While particular embodiments of the subject invention have been described, it 
will be obvious to those skilled in the art that various changes and modifications to the 
subject invention can be made without departing from the spirit and scope of the 
invention. It is intended to cover, in the appended claims, all such modifications that are 
within the scope of the subject invention. 



EXAMPLE 19 

The following is a hair conditioner composition rqpresentative of the present 
invention. 

Ingredients Weight % 

Water Q-S. to 100% 

Perfume 0.10 
Stearalkonium Chloride 0.87 
Methylchloroisothiazolinonc Methylisothiazolinone 0,03 
Sodium Hydroxide Solution (30% by weight) 0.70 
Polymer 2 3.00 
Ethanol 20.0 

This product is prepared by dispersing the copolymer 3 in ethanol then adding the 
remaining ingredients and sturing for about 30 minutes. 

EXAMPLE 20 

The following is a hair styling gel composition representative of the present 

invention. 

Ingredients Weight % 

Copolymer 4 2.50 
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Water QS 100% 

Carbomer940 0.50 

Sodium Hydroxide Solution (30% by weight) 0.80 

Panthenol 0.05 

Polysorbate 80 0.20 

Perfiime 0.20 



This product is prepared by dispersing the copolymer # 4 and carbomer 940 in 
water and adding the sodium hydroxide. The mixture is stirred for approximately one 
half hour and the remaining components are added. 

EXAMPLE 21 

The following is a spray-on gel hair composition representative of the present 
invention. 



Ingredients 


Weieht % 


Water 


Q.S. to 100 % 


Ethanol 


15.00 


Panthenol 


0.05 


Potassium Hydroxide Solution (45% by weight) 


0.50 


Perfume 


0.20 


Copolymer #2 


2.00 



This product is prepared by dissolving the copolymer # 2 ethanol and then adding 
the water and potassium hydroxide solution to facilitate the incorporation of the 
copolymer into the solvent. The mixture is stirred for one half hour and the other 
components are mixed in. 



EXAMPLE 22 

The following is a hair styling mousse composition representative of the present 
invention. 

Ingredients Weight % 

Water Q.S. to 100% 

Lauramine Oxide 0.20 

Panthenol 0.05 

Perfume 0.05 

Copolymer #4 3.00 

Sodium Hydroxide Solution (30% by weight) 1 .00 

Isobutane 7.00 
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This product is prepared by dissolving the copolymer #2 in water and adding the 
sodium hydroxide solution with mixing for one half hour. The other components (except 
isobutane) are added and mixed for an additional 10 minutes. Aluminum aerosol cans 
are then fUled with 93 parts of this batch, affixed with a valve whcih is crimped into 
position, and lastly pressure filled with 7 parts Isobutane. This composition is useful for 
application to the hair to provide conditioning, styling and hold. 



Sunscreen Composition 



EXAMPLE 23 



Ingredients Weight % 

Water QSlOO 

Carbomer 1342EJ1 0.16 

Octyl Methoxycinnamate O.SO 

Dimethicone copolyol 0.10 

Tocopheryl Acetate 0. 1 0 

Sodium Hydroxide (30% sol. by weight) 1 .50 

Ethanol 40.00 

Copolymer #4 4.00 
[1] Available as Carbopol® 1342 from B.F. Goodrich. 

The water, ethanol, sodium hydroxide solution and polymer 4 are mixed for one 
half hour. The remaining ingredients arc added and mixed for an additional half hour. 



EXAMPLE 24 

The following is an anti-acne composition representative of the present invention. 
Ingredients Weight % 

Copolymer #2 2.00 
Water Q.S. to 100 % 

Ethanol (SDA 40) 40.00 
Carbomer 940 0.75 
Sodium Hydroxide Solution (30% by weight) 0.90 
Salicylic Acid 2.00 
This product is prepared by mixing the water, ethanol, copoljmier 2, and 
carbomer together for about 10 minutes. The remaining ingredients are added and the 
mixture is stirred for an additional 30 minutes. This composition is useM for application 
to the skin to provide improved water resistance and is useful in the treatment of acne. 
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EXAMPLE 25 

The following is a nail polish clear coat composition representative of the present 
invention. 

Ingredients Weight % 

Copolymer #4 15.00 
Ethanol 42.00 
Acetone 40.00 
NaOH sohi., 30% 3.00 
This product is prepared by mixing all the ingredients until dispersed. 

EXAMPLE 26 

The following is a facial wrinkle remover composition representative of the 
present invention. 

Ingredients Weight % 

Copolymer # 4 6.00 
NaOH soln., 30% 2.10 
DRO water q.s. 

This product is prepared by mixing all the ingredients until dispersed. 

EXAMPLE 27 

The following is a styling lotion composition representative of the present 
invention. 

Ingredients Weight % 

Copolymer #2 4.00 
Natrosol250HHl 0.50 
NaOH soln., 30% 1.35 
Kathon CG 0.03 
Ethanol 8.00 
DRO water q.s. 
1 Natrosol 250HH-Hydroxyethylcellulose offered by Aqualon. 
The copolymer is first dissolved in the ethanol. and then added to a premix 
composed of the remaining ingredients and mixed until well dispersed. 



EXAMPLE 28 
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The following is an aftershave splash composition representative of the present 
invention. 

Ingredients Weight % 

Copolymer #2 2.00 
NaOH soln., 30% 0.60 
Ethanol 50.00 
Perfume 0.20 
Menthol 0.20 
DRO water q.s. 
This product is prepared by mixing all the ingredients until dispersed. 
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What is claimed is: 

1 . A personal care composition, comprising: 

(a) an adhesive copolymer having a weight average molecular weight fixrni 10,000 to 5,000,000, 
and 

(b) a solvent for said copolymer selected from the group consisting of water, elfaanol, n-propanol, 
isopropanol, acetone, propylene glycol, and mixtures thereof, 

wherein said composition, when dried, has a cohesive strength of greater than 0.5 kgfAnm^, a total energy 
absorption per unit volume of greater than O.SS kgfinm/mm^, ands an impact strength of greater than 
7000 ergs. 

2. A composition according to Claim 1 wherein the composition is a hair spray composition which 
provides a hair stifihess vahie of from 0 to 2.0 and a hair flaking value of from 0 to 2.0. 

3. A composition according to either of Clanns 1 or 2 wherein said copolymer is soluble or dispersible 
in said solvent at a concentration of at least 0. 1 mg^iL at 73°^ 

4. A composition according to any one of the preceding clauns wherein said composition, when dried, 
has a cohesive strength of greater dian 0.7 kgfi'mm^, a total energy absorption of greater than 1.10 
kgfinm/mm^, and an impact strengdi of greater than 30,000 ergs. 

5. A composition according to any one of the preceding claims wherein said copolymer is formed 
from the random copolymerization of the following relative weight percentages of vinyl monomer units 
and polysiloxane-containmg macromonomer imits: 

a. from 50% to 98%, by weight of said copolymer, of vinyl monomer units, and 

b. from 2% to 50%, by weight of said copolymer, of macromonomer units, wherein said 
polysiloxane-ccmtaining macromonomer units have a weight average molecular weight from 1,000 
to 50,000. 

6. A composition according to Claim 5 wherein said vinyl monomer units are selected from the group 
consisting of acrylic acid, methacrylic acid, >J,N-dimethyl acrylamide, dimethylaminoethyl methacrylate, 
quatemized dimethylaminoethyl methacrylate, vinyl pyrrolidone, acrylic or methacrylic acid esters of Cj- 
Cjg alcohols, styrene, alpha-methylstyrene, t-butylstyrene, vinyl acetate, vinyl propionate, vinyl chloride, 
vinylidene chloride, vinyl toluene, butadiene, cyclohcxadiene, ethylene, propylene n-butyl methacrylate, 
isobutyl methacrylate, t-butyl acrylate, t-butyl meUiacrylate, 2-ethylhexyl methacrylate, mettiyl 
methacrylate, salts of any acids and amines listed above, and combinations thereof. 



wo 98/48770 



35 



PCT/US98/08347 



7. A composition according to any one of preceding Claims I, 2, 3 or 4 wherein said copolymer is 
bloclc copolymer. 

8. A composition according to any one of preceding Claims 1, 2, 3 or 4 wherein said copolymer is 
graft copolymer. 

9. A method of soling hair comprising die step of applying to the hair an effective amount of 
composition according to any one of Uie preceding cUiims. 
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PERSONAL CARE COMPOSITIONS CONTAINING 
LINEAR TOUGHENED SILICONE GRAFTED POLYMERS 

TECHNICAL FIELD 

The present invention relates to personal care compositions, such as 
halrcare, cosmetic and nail compositions containing linear toughened 
silicone grafted polymers. 

BACKGROUND OF THE INVENTION 

Cosmetic compositions such as lotions, creams, emulsions, packs, 
make-up (e.g., foundations, lipsticks, eye shadows and the like) and hair 
compositions are used to improve one's outward appearance. Many 
personal care products use contain various resins, gums, and adhesive 
polymers. The polymers are used for a variety of purposes including 
thickening, feel properties, ftlm-forming ability, active deposition, active 
penetration, hair holding, etc. Consequently there is constantly a search for 
developing polymers having improved properties for use In personal care 
product. Many of these compositions require the use of adhesive silicone 
grafted polymers. For example, the desire to have the hair retain a 
particular shape is widely held. The most common methodology for 
accomplishing this is the application of a styling composition to dampened 
hair, after shampooing and/or conditioning, or to dry, styled hair. These 
compositions provide temporary setting benefits and they can be removed 
by water or by shampooing. The materials used in the compositions to 
provide the setting benefits have generally been resins and have been 
applied in the form of mousses, gels, lotions or sprays. 

Many people desire a high level of style retention, or hold, from a 
hair spray composition. In typical hair sprays, hold is achieved by the use 
of resins, such as AMPHOMERf^, supplied by National Starch and 
Chemical Company, and GANTREZ^ SP 225, supplied by GAF. In 
general, as hair hold for hair spray compositions is increased, the tactile 
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feel of the hair becomes stiffen and hence, less desirable. It is desirable to 
provide hair spray products which could provide an improved combination 
of hair hold and hair feel characteristics. 

Recently, it has become known to utilize silicone grafted organic 
backbone polymers in various personal care compositions including their 
use as hair setting agents In hairspray compositions and other hair styling 
compositions, e.g. hair tonics, lotions, rinses, mousses, etc. Silicone 
grafted polymers can be used to make personal care compositions with 
improved feel, e.g., in the case of hair sprays. Increased softness relative to 
conventional polymeric hair setting agents. 

However, it remains desirable to improve the performance of these 
silicone grafted polymers. It is an object of this invention to provide 
personal care compositions containing linear toughened silicone graft 
copolymers. 

It is a further object of this invention to provide personal care 
compositions containing resins that have improved adhesive and cohesive 
properties thereby providing improved durability benefits (e.g.^ style 
benefits). 

These and other benefits as may be apparent from the description 
below can be obtained by the present invention. 

The present compositions can comprise, consist of, or consist 
essentially of any of the required or optional ingredients and/or limitations 
described herein. 

All percentages and ratios are calculated on a weight basis unless 
otherwise indicated. All percentages are calculated based upon the total 
composition unless otherwise indicated. 

Ail ingredient levels refer to the active level of that ingredient, and 
are exclusive of solvents, by-products, or other Impurities that may be 
present in commercially available sources, unless otherwise indicated. 
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SUMMARY OF THE INVENTION 
The present invention relates to a personal care composition 
comprising: 

(a) a silicone grafted adhesive polymer, said polymer being 
characterized by an organic polymeric backbone wherein said 
backbone comprises 

(i) at least one monomer wherein when said monomer is 
polymerized as a homopolymer having a Tg of from about -120° C 
to about 25° C and 

(ii) at least one monomer wherein when said monomer is 
polymerized as a homopolymer having a Tg of from above about 
25° C to about 250° C 

wherein said silicone grafted adhesive polymer has silicone 
macromers grafted to said backbone and wherein the number 
average molecular weight of said silicone macromers is greater 
than about 1000; and 

(b) a personal care carrier. 

DETAILED DESCRIPTION OF THE INVENTION 
The essentia! components of the present invention are described 
below. Also included is a nonexclusive description of various optional and 
preferred components useful in embodiments of the present invention. 
Silicone Grafted Adhesive Polymer 
The compositions according to the invention comprise, as an 
essential component, a silicone grafted adhesive polymer, said polymer 
being characterized by an organic polymeric backbone wherein said 
backbone comprises: 

(a) at least one monomer wherein when said monomer is 
polymerized as a homopolymer having a Tg of fi-om about -120° C 
to about 25° C and 
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(b)at least one monomer wherein when said monomer is 
polymerized as a homopolymer having a Tg of from above about 
25° C to about 250° C 

wherein said silicone grafted adhesive polymer has silicone 
macromers grafted to said backbone and wherein the number -average 
molecular weight of said silicone macromers is greater than about 1000. 
This silicone containing hair styling polymer is preferably colloidally 
dispersed or solubilized in any applicable carrier. 

The compositions hereof will generally comprise from about 0.1% to 
about 99%, preferably from 0.5% to about 50%, more preferably from about 
1% to about 10%, by weight of the composition, of the silicone grafted 
polymer. It is not intended to exclude the use of higher or lower levels of the 
polymers, as long as an effective amount Is used to provide adhesive or 
film-fonning properties to the composition and the composition can be 
fonnulated and effectively applied for its intended purpose. By adhesive 
polymer what is meant is that when applied as a solution to a surface and 
dried, the polymer fomris a film or a weld. Such a film will have adhesive 
and cohesive strength, as is understood by those skilled in the art. 

The silicone grafted polymers are characterized by polysiloxane 
moieties covalently bonded to and pendant from a polymeric carbon-based 
backbone. 

The backbone will preferably be a cartson chain derived from 
polymerization of ethylenically unsaturated monomers. The backbone 
comprises (a) at least one monomer wherein when said monomer is 
polymerized as a homopolymer having a Tg of from about -120° C to about 
25° C and (b) at least one monomer wherein when said monomer is 
polymerized as a homopolymer having a Tg of from above about 25° C to 
about 250° C. The polysiloxane moieties can be substituted on the polymer 
or can be made by co-polymerization of polysiloxane-containing 
polymerizable monomers (e.g. ethylenically unsaturated monomers, ethers, 
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and/or epoxides) with non-polysiloxane-containing polymerlzable 
monomers. 

The polyslloxane-grafted polymer should have a weight average 
molecular weight of at least about 20,000. There is no upper limit for 
molecular weight except that which limits applicability of the invention for 
practical reasons, such as processing, aesthetic characteristics, 
fonnulateability, etc. In general, the weight average molecular weight will be 
less than about 10,000,000, more generally less than about 5,000,000, and 
typically less than about 3,000,000. Preferably, the weight average 
molecular weight will be between about 50,000 and about 2,000,000, more 
preferably between about 75,000 and about 1,000,000, most preferably 
between about 1 00,000 and about 750,000. 

Preferably, the adhesive hereof when dried to form a film have a Tg 
of at least about -20''C, more preferably at least about -S'C, so that they are 
not unduly sticky, or "tacky" to the touch. As used herein, the abbreviation 
'Tg" refers to the glass transition temperature of the backbone of the 
polymer, if such a transition exists for a given polymer. Preferably, the Tg is 
above about -20'C, more preferably above about -5**C. Preferably the 
adhesive polymer of the present invention has a Tg below about BCC, more 
preferably below about SO^C and most preferably below about 40''C. 

The silicone grafted polymers for the compositions of the present 
invention comprise "silicone-containing" (or "polysiloxane-containing") 
monomers, which form the silicone macromer pendant from the backbone, 
and non-silicone-containing monomers, which form the organic backbone of 
the polymer. 

When used in a composition, such as a personal care composition 
for application to the hair or skin, the non-polysiloxane portion should permit 
the polymer to deposit on the intended surface, such as hair or skin. 

The polysiloxane macromer should have a weight average molecular 
weight of at least about 1000, preferably from about 1,000 to about 50,000, 
more preferably from about 5,000 to about 50,000, most preferably about 
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8,000 to about 25,000. Organic backbones contemplated include those tliat 
are derived from polymerizable, ethylenically unsaturated monomers, 
Including vinyl monomers, and other condensation monomers (e.g., those 
that polymerize to form polyamides and polyesters), ring-opening monomers 
(e.g., ethyl oxazoline and caprolactone), etc. 

The preferred silicone grafted polymers are comprised of monomer 
units derived from: at least one free radically polymerizable ethylenically 
unsaturated monomer or monomers and at least one free radically 
polymerizable polysiloxane-containing ethylenically unsaturated monomer 
or monomers. 

Vinyl Monomer Units 

The silicone copolymers of the present invention comprise from about 
50% to about 98%, preferably from about 60% to about 95%, and more 
preferably from about 70% to about 90% by weight of the vinyl monomer 
units. 

The vinyl monomer unit is selected from copolymerizabie monomers, 
preferably ethylenically unsaturated monomers. The vinyl monomers are 
selected to meet the requirements of the copolymer. By "copolymerizabie", 
as used herein, is meant that the vinyl monomer can be reacted with or 
polymerized with the polysiloxane maaomonomers in a polymerization 
reaction using one or more conventional synthetic techniques, such as 
ionic, emulsion, dispersion, Ziegler-Natta, free radical, group transfer or 
step growth polymerization. In the present invention, monomers and 
macromonomers that are copolymerizabie using conventional free radical 
initiated techniques are preferred. The term "ethylenically unsaturated" is 
used herein to mean a material that contains at least one polymerizable 
carbon-carbon double bond, which can be mono-, di-, tri- or tetra- 
substituted. 

The monomer units can be derived from hydrophllic monomers 
(typically polar monomers), or mixtures of such hydrophllic monomers with 
hydrophobic monomers (typically low polarity monomers), provided that the 
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solubility characteristics of the overall copolymer is achieved. As used 
herein, "hydrophilic monomers" means monomers which form 
homopolymers which are substantially water soluble; "hydrophobic 
monomers" means monomers which form substantially water insoluble 
homopolymers. 

Nonlimlting classes of monomers useful herein include monomers 
selected from the group consisting of unsaturated alcohols, unsaturated 
monocarboxylic acids, unsaturated dicarboxylic acids, unsaturated 
anhydrides, alcohol esters of unsaturated monocarboxylic acids, alcohol 
esters of unsaturated dicarboxylic acids, alcohol esters of unsaturated 
anhydrides, alkoxylated esters of unsaturated monocarboxylic acids, 
alkoxylated esters of unsaturated dicarboxylic acids, alkoxylated esters of 
unsaturated anhydrides, aminoalkyi esters of unsaturated monocarboxylic 
acids, aminoalkyi esters of unsaturated dicarboxylic acids, aminoalkyi esters 
of unsaturated anhydrides, amides of unsaturated monocarboxylic acids, 
amides of unsaturated dicarboxylic acids, amides of unsaturated 
anhydrides, salts of unsaturated monocarboxylic acids, salts of unsaturated 
dicarboxylic acids, salts of unsaturated anhydrides, unsaturated 
hydrocarbons, unsaturated heterocycles, and mixtures thereof. 

Representative examples of such monomers include acrylic acid, 
methacrylic acid, N,N-dimethylacrylamide, dimethylaminoethyl methacrylate, 
quaternized dimethylaminoethyl methacrylate, methacrylamide, N-t-butyl 
acrylamide, maleic acid, maleic anhydride and its half esters, crotonic acid, 
itaconic acid, acrylamide, acrylate alcohols, hydroxyethyl methacrylate, 
diallyldimethyl ammonium chloride, vinyl pyrrolidone, vinyl ethers (such as 
methyl vinyl ether), maleimides, vinyl pyridine, vinyl imidazole, other polar 
vinyl heterocyclics, styrene sulfonate, allyl alcohol, vinyl alcohol (such as 
that produced by the hydrolysis of vinyl acetate after polymerization), vinyl 
caprolactam, methacrylic acid esters of C-f-C-is alcohols, such as methanol, 
ethanol, methoxy ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-1- 
propanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol, 1 -methyl- 
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1-butanol, 3-methyl-1-butanol, 1-methyl-1-pentanol, 2-methyl-1-pentanol, 3- 
methyl-1-pentanol, t-butanol(2-methyl-2-propanol), cyclohexanol, 
neodecanol, 2-ethyl-1-butanol, 3-heptanol, benzyl alcohol, 2-octanol, 6- 
methyl-1-heptanol, 2-ethyl-1-hexanol, 3,5-dimethyl-1-hexanol, 3,5,5-tri 
methyl-1-hexanol, 1-decanol, 1-dodecanol, 1-hexadecanol, 1-octa decancl, 
and the like, the alcohols having from about 1-18 carbon atoms with the 
number of carbon atoms preferably being from about 1-12; dicyclopentenyl 
acrylate; 4-biphenyl acrylate; pentachlorophenyl acrylate; 3,5- 
dimethyladamantyl acrylate; 3,5-dlmethyladamentyl methacrylate; 4- 
methoxycarbonylphenyl methacrylate; trimethylsilyl methacrylate; styrene; 
alkyi substituted styrenes Including alpha-methylstyrene and t-butylstyrene; 
vinyl esters, including vinyl acetate, vinyl neononanoate, vinyl pivalate and 
vinyl propionate; vinyl chloride; vinylidene chloride; vinyl toluene; alkyI vinyl 
ethers, including isobutyl vinyl ether and s-butyl vinyl ether; butadiene; 
cyciohexadiene; bicycloheptadiene; 2,3-dicarboxylmethyl-1 ,6-hexadiene; 
ethylene; propylene; indene; norbomylene; p-pinene; a-pinene; salts of 
acids and amines listed above, and combinations thereof. The quaternized 
monomers can be quaternized either before or after the copolymerizatlon 
with other monomers of the graft copolymer. 

Preferred monomers include acrylic acid, methacrylic acid, N,N- 
dimethyl acrylamide, dimethylaminoethyl methacrylate, quaternized 
dimethylaminoethyl methacrylate, vinyl pyrrolidone, acrylic or methacrylic 
acid esters of Ci-C-ig alcohols, styrene, alpha-methylstyrene, t- 
butylstyrene, vinyl acetate, vinyl propionate, 2-methoxyethyl acrylate, 2- 
ethoxyethyl acrylate, n-butyl methacrylate, isobutyl methacrylate, t-butyl 
acrylate, t-butyl methacrylate, 2-ethylhexyl methacrylate, methyl 
methacrylate, salts of any acids and amines listed above, and mixtures 
thereof. 

From the above descriptions, esters of acrylic and methacrylic acid 
that forni low Tg homopolymers include, for example, 3-methoxybutyl 
acrylate , 2-methoxyethyl acrylate, 2-phenoxyethyl ester, 2-hydroxyethyl 
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ester, 4-hydroxybutyl acrylate, 2-ethoxyethoxyethyl acrylate, 2-ethoxyethyl 
acrylate, n-butyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, 2- 
ethylbutyl acrylate. n-ethyl acrylate, n-heptyl acrylate, n-hexyl acrylate, iso- 
butyl acrylate, Iso-decyl acrylate, Iso-propyl acrylate, 3-methylbutyl acrylate, 
2-methylpentyl acrylate, nonyl acrylate, octyl acrylate, 2-ethylhexyl 
methacrylate, n-pentyl methacrylate; Acrylamide monomers including N- 
dodecylacrylamide, N-octadecylacrylamide; Vinyl monomers including sec- 
butyl vinyl ether, butyl vinyl ether, vinyl propionate, vinyl butyrate.decylvinyl 
ether, methyl vinyl ether and Styrene monomers including 4-decylstyrene. 
Other monomers that form low Tg homopolymers include isobutylene, 1- 
butene, 5-methyl-1-hexene, olefinic monomers that could be hydrogenated 
post polymerization (after formation of copolymers), for example, isoprene, 
1 ,2-butadiene, 1,4-butadiene. 

Preferred monomers which fonn low Tg homopolymers include 3- 
methoxybutyl acrylate , 2-methoxyethyl acrylate. n-butyl acrylate, dodecyl 
acrylate, 2-ethylhexyl acrylate, 2-ethylbutyl acrylate,ethyl acrylate, n-heptyl 
acrylate, n-hexyl acrylate, iso-butyl acrylate, iso-decyl acrylate, iso-propyl 
acrylate, 3-methylbutyl acrylate, 2-methylpentyl acrylate, nonyl acrylate, 
octyl acrylate, 2-ethylhexyl methacrylate, n-pentyl methacrylate, N- 
octadecylacrylamide. 

Most Preferred monomers v^hich form low Tg homopolymers include 
2-methoxyethyl acrylate, n-butyl acrylate, ethyl acrylate. These low Tg 
monomers preferably have Tg of from about -ZCC to about 25°C, more 
preferably from about -60°C to about 0°C and most preferably from about - 
60°C to about -20«'C. 

From the above descriptions, acrylic and methacrylic acids that forni 
high Tg homopolymers include, for example, sec-butyl methacrylate, t-butyl 
acrylate, methyl methacrylate, isopropyl methacrylate, 2-t-butylamlnoethyl 
methacrylate, dimethyl aminoethyl methacrylate, quatemized dimethyl 
aminosthyl methacrylate, 4-biphenyl acrylate, pentachlorophenyl acrylate, 
3,5-dimethyladamantyl acrylate, 3,5-dimethyladamentyl methacrylate. 
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isobornyl acrylate, trimethysilyl methacrylate, trimethylsilyl acrylate (silyl 
esters could be hydrolysed to form acrylic or methacrylic acids), acrylic acid, 
methacrylic acid, salts of acrylic and methacrylic acids; Acrylamide & 
methacrylamide monomers Including N-butylacrytiamide, acrylamide, N- 
isopropylacrylamide, N-t-butylmethacrylamide; Vinyl monomers including: 2- 
vinylpyridine, 4-vinylpyridine, vinyl acetate, vinyl chloride, N- 
vinylcaprolactam, N-vinyl pyrollidone, cyclohexyi vinyl ether, vinyl alcohol, 
vinyl imidazole; Styrene monomers including: slyrene, 4-t-butylstyrene, 2- 
methoxystyrene, 4-acetylstyrene, styrene sulfonate. Other monomers that 
form high Tg homopolymers include: diallyldimethylammonium chloride, 
maleimldes, crotonic acid, itaconic acid, maleic anhydrides, allyl alcohol, a- 
pinene, p-pinene, tert-butyl styrene, a-methyl styrene, indene, norbomene, 
norbornylene. 

Preferred monomers which forni high Tg homopolymers include: t- 
butyl methacrylate, t-butyl acrylate, methyl methacrylate, dimethyl 
aminoethyl methacrylate, isopropyl methacrylate, trimethysilyl methacrylate, 
trimethylsilyl acrylate, acrylic acid, methacrylic acid, salts of acrylic and 
methacrylic acids, tert-butyl styrene, a-methyl styrene. 2-vinylpyrldine, 4- 
vinylpyridine, N-isopropylacrylamide, N-t-butylmethacrylamide. 

Most Preferred monomers which forni high Tg homopolymers include: 
t-butyl methacrylate, t-butyl acrylate, methyl methacrylate, acrylic acid, 
methacrylic acid, salts of acrylic and methacrylic acids, tert-butyl styrene. 
These high Tg monomers preferably have Tg of from above about 25° C to 
about 250° C, more preferably from about 30° C to about 200° C, even 
more preferably from about 35° C to about 150° C, and most preferably from 
about 40° C to about 1 30° C. 
Polvsiloxane Macromonomer Units 

The copolymers of the present invention comprise from about 2% to 
about 50%, preferably from about 5% to about 40%, and more preferably 
from about 10% to about 30%, by weight of the copolymer of polysiloxane 
macromonomer units. 
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The polysiloxane macromonomer units are copolymerizable with the 
vinyl monomers, said macromonomers preferably having a vinyl moiety. 
Either a single type of macromonomer unit or combinations or two or more 
macromonomer units can be utilized herein. The macromonomers are 
selected to meet the requirements of the copolymer. By "copolymerizable", 
as used herein, is meant that the macromonomers can be reacted with or 
polymerized with the vinyl monomers in a polymerization reaction using one 
or more conventional synthetic techniques, as described above. 

The polysiloxane macromonomers that are useful herein contain a 
polymeric portion and a copolyermizable moiety which is preferably an 
ethylenically unsaturated moiety. Typically, the preferred macromonomers 
are those that are endcapped with the vinyl moiety. By "endcapped" as 
used herein is meant that the vinyl moiety is at or near a terminal position of 
the macromonomer. 

The macromonomers can be synthesized utilizing a variety of standard 
synthetic procedures familiar to the polymer chemist of ordinary skill in the 
art. Furthermore, these macromonomers can be synthesized starting from 
commercially available polymers. Typically, the weight average molecular 
weight of the macromonomer is from about 1000 to about 50,000, 

Polysiloxane macromonomers are exemplified by the general formula: 
X(Y)nSi(R)3_mZm 

wherein X Is a vinyl group copolymerizable with the vinyl monomer units; Y 
is a divalent linking group; each R is independently selected from the group 
consisting of hydrogen, hydroxyl, C1-C6 alkyi, C1-C6 alkoxy, C2-C6 
alkylamino, phenyl, C1-C6 alkyI or alkoxy-substituted phenyl; Z is a 
monovalent siloxane polymeric moiety having a number average molecular 
weight of at least about 1000, is essentially unreactive under 
copolymerization conditions, and is pendant from the vinyl polymeric 
backbone described above; n is 0 or 1; and m is an integer from 1 to 3. The 
polysiloxane macromonomer has a weight average molecular weight from 
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about 1000 to about 50,000, preferably from about 5,000 to about 30,000, 
more preferably from about 8,000 to about 25,000. 

Preferably, the polysiloxane macromonomer has a formula selected 
from the following formulas: 




or 

X — C H2— (C H2)s-S i(Ri )3-m-"Zm 

or 

0 

X-C-0-(CH2)q-(0)p-SI(Rl)3.mZm 
In these structures s is an integer from 0 to 6; preferably 0, 1, or 2; more 
preferably 0 or 1 ; m is an integer from 1 to 3, preferably 1 ; p is 0 or 1 ; q Is an 
integer from 2 to 6; each r1 is independently selected form the group 
consisting of hydrogen, hydroxyl, C1-C6 alkyi, C1-C6 alkoxy, C2-C6 
alkylamino, phenyl, C1^C6 alkyI or alkoxy-substituted phenyl, preferably C1- 
C6 alkyI, or C1-C6 alkyI or alkoxy-substituted phenyl, more preferably C1- 
C6 alkyI, even more preferably methyl, r2 is selected from the group 
consisting of C1-C6 alkyI or C1-C6 alkyi substituted phenyl, preferably 
methyl. 

n is an integer from 0 to 4, preferably 0 or 1 , more preferably 0; X is 
CH=C- 

I I 
r3 r4 

wherein r3 is hydrogen or -COOH, preferably r3 is hydrogen; r4 is 
hydrogen, methyl or -CH2COOH, preferably r4 is methyl; Z is 
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R6 
I 

R5_(^j.0.)r; 
I 

r7 

wherein R^, r6_ and R^, are independently selected from hydrogen, 
hydroxyl, C1-C6 alkyi, C1-C6 alkooxy, C2-C6 alkylamino, phenyl, C1-C6 
alkyi or alkoxy-substituted phenyl, hydrogen or hydroxyl, preferably r5, r6, 
and r7 are C1-C6 alkyls; more preferably methyl; and r is an integer of from 
about 14 to about 700, preferably about 60 to about 400, and more 
preferably about 100 to about 350. 

Exemplary silicone grafted polymers for use in the present invention 
include the following, where the composition is given as weight part of 
monomer used in the synthesis: 

(i) poly(t-butyl acrylate-co-n-butyl acrylate-co-acrylic acid-co- 
methacrylicacid)-graft-poly(dimethylsilcxane} 

MWt of copolymer: 210,000 

Composition: t-butyl acrylate (36%), n-butyl acrylate (27%), 
acrylic acid (12%), methacrylic add (10%), 
poly(dimethylsiloxane) (15%) 
MWt of poly(dimethysiloxane): 10,000 

(ii) poly(t-butyl acrylate-co-ethyl acrylate-co-acrylic acid)-graft- 
poly(dimethylsiloxane) 

MWt of copolymer: 100,000 

Composition: t-butyl acrylate (34%), ethyl acrylate (35%), 
acrylic acid (21%), poly(dimethylsiloxane) (10%) 
MWt of poly(dimethylsiloxane): 5,000 

(iii) poIy(t-butyl acrylate-co-n-butyl acrylate-co-acrylic acid)-graft- 
poly(dimethylsiloxane) 
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MWt of copolymer: 1 50, 000 

Composition: t-butyl acrylate (47.25%), n-butyl acrylate 
(22.75%), acrylic acid (20%), poly(dimetliylsiloxane) (10%) 
IVIWt of poly(dimethylsiloxane): 10,000 

(iv) poly(t-butyl acrylate-co-2-methoxyethyl acrylate-co-methacrylic 
acid)-graft-poly(dimethylsiloxane) 

IVIWt of copolymer: 100,000 

Composition: t-butyl acrylate (27%), 2-methoxyethyl acrylate 
(43%), methacrylic acid (20%), poly(dimethylsiloxane) (10%) 
MWt of poly(dimethylsiloxane): 15,000 

(v) poly(t-butyl acryiate-co-isobornyl acrylate-co-2-methoxyethyl 
acrylate-co-acrylic acid)-graft-poly(dimethylsiloxane) 

MWt of copolymer: 95,000 

Composition: t-butyl acrylate (33%), isobomyl acrylate (17%), 
2-methoxyethyl acrylate (20%), acrylic acid (20%), 
poly(dimethylsiioxane) (10%) 
MWt of poly(dimethylsiloxane): 10,000 

(vi) poly(t-butyl acrylate-co-lauryl methacrylate-cp-acrylic acid)- 
graft-poly(dimethylsiloxane) 

MWt of copolymer: 125,000 

Composition: t-butyl acrylate (60%), lauryl methacrylate (10%), 
acrylic acid (20%), poly(dimethylsiloxane) (10%) 
MWt of poly(dimethylsiloxane): 15,000 
The Tg's for monomer units above can be found in The Polymer 
Handbook , third edition, (John Wiley & Sons, 1989) and the backbone Tg 
can be calculated using the method illustrated in Fundamental Principles of 
Polymeric Materials , second edition (John Wiley & Sons, 1993). 
Representative Tg's for monomers in the exemplary silicone grafted 
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polymers described above are as follows: The Tg of t-butyl acrylate is 
44.85"C; the Tg of n-butyl acrylate is -54.15°C; the Tg of acrylic acid is 
lOS-BS^C; the Tg of methaaylic acid is 227.85*'C; the Tg of ethyl acrylate is 
-24.150C; the Tg of lauryl methacrylate is -65.15»C; and the Tg of 2- 
methoxyethyl acrylate is -50.16°C. 

The silicone grafted polymers can be synthesized by free radical 
polymerization of the polysiloxane-containing monomers with the non- 
polysiloxane-containing monomers. The synthetic procedures are in 
general the same as those described for the adhesive copolymer. The 
silicone macromer is added in to the reactor along with the "A" and "B" 
monomers, and the reaction proceeds as for the adhesive copolymer 
examples. Compared to the adhesive copolymer, it may be necessary to 
choose different solvents for the polymerization reaction, as apparent to one 
skilled in the art, to keep the monomers and polymers in solution throughout 
the polymerization. 

Without being limited by theory, it is believed that in forming the 
above-described silicone grafted polymers, there is some polymer which 
does not incorporate the silicone graft; such polymers have a relatively low 
weight average molecular weight e.g., below 20,000. 
Personal Care Carrier 

The compositions of the present invention comprise from about 0.1% 
to about 99.9%, preferably from about 0.5% to about 99.0% and most 
preferably from about 1.0% to about 99.9% of a suitable personal care 
carrier. Suitable carriers are fully described in U.S. Patent 5,061,481 issued 
October 29, 1991 to Suzuki et al., incorporated by reference herein. For 
example, skin care carriers typically comprise oil-in-water emulsions. 

i-iair spray compositions typically comprise a polar solvent phase as 
a liquid vehicle for the silicone grafted polymer. The polar solvent phases 
comprise one or more polar solvents that are present in the hair care 
compositions at a level of from about 80% to about 99%, preferably from 
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about 85% to about 98%, more preferably from about 90% to about 95% of 
the total composition. 

The polar solvents essential to the present compositions are selected 
from the group consisting of water, C2-C3 monohydric aikanols, and 
mixtures thereof. If present, C3 aikanols, such as isopropanol, should be 
used at levels no greater than about 15% by weight of the composition, 
preferably no greater than about 12%, more preferably no greater than 
about 10%. High levels of C3 monohydric alcohols are undesirable in the 
present compositions due to potential odor issues they can create. 
Preferred polar solvent phases contain water, ethanol, or mixtures thereof. 

Where water and alcohol mixtures are used, for instance, 
water-ethanol or water-lsopropanol-ethanol, the water content of the 
compositions is generally in the range of from about 0.5% to about 99%, 
preferably from about 5% to about 50% by weight of the total composition. 
In such mixtures, the alcohol solvents are generally present in the range of 
from 0.6% to about 99%, preferably from about 50% to about 95%. by 
weight of the total composition. 

In yet another aspect of this Invention are provided hair styling 
products, such as hair spray compositions, which contain reduced levels of 
volatile organic solvents. A reduced volatile organic solvent hair spray 
composition of the present invention contains no more than 80% volatile 
organic solvents (which include, for example, aikanols but not water). As 
used herein, volatile organic solvents means solvents which have at least 
one carbon atom and exhibit a vapor pressure of greater than 0.1 mm Hg at 
20°C. 

In the reduced volatile organic solvent hair styling products hereof, 
the compositions generally comprise at least 10%, by weight, of water. It is 
also specifically contemplated that they may contain at least about 1 1 %, 
12%, 13%, 14%, 15%, or more water. 

The reduced volatile organic solvent compositions hereof will 
comprise up to about 90%, preferably up to about 70%, more preferably up 
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to about 60% even more preferably no more than about 50%, water; and 
from about 10% to about 80%, preferably from about 20% to about 80%, 
more preferably from about 40% to about 80%, of volatile organic solvent. It 
is also contemplated that the compositions can be limited to containing no 
more than about 75%, 65%, 55%, or other levels of volatile- organic 
solvents. 

Shampoos and rinse compositions typically comprise a volatile, 
nonpolar, branched chain hydrocarbon and is safe for topical application to 
the skin and hair. The branched chain hydrocarbon solvent hereof is 
present at a level of from about 0.1% to about 15%, preferably from about 
0.5% to about 10%, more preferably from about 2% to about 8%, by weight 
of the composition. Also useful are low boiling point silicone oils. 

The branched chain hydrocarbon solvent is characterized by a 
boiling point of at least about 105°C, preferably at least about 110°C, more 
preferably at least about 125°C, most preferably at least about 150°C. The 
boiling point is also generally about 260''C or less, preferably about 200<'C 
or less. The hydrocarbon chosen should also be safe for topical application 
to the hair and skin. 

The branched chain hydrocarbon solvents are selected from the 
group consisting of C10-C14 brandied chain hydrocarbons, and mixtures 
thereof, preferably C11-C13 branched chain hydrocarbons, more preferably 
C12 branched chain hydrocarbons. Saturated hydrocarbons are preferred, 
although it isn't necessarily intended to exclude unsaturated hydrocarbons. 

Examples of suitable nonpolar solvents include isoparaffins of the 
above chain sizes. Isoparaffins are commercially available from Exxon 
Chemical Co. Examples include Isopar™ G (Ciq-Ch isoparaffins), 
IsoparTM h and K (Cii-Ci2 isoparaffins), and Isopar™ L (C11-C13 
isoparaffins). The most preferred nonpolar solvent are Ci2 branched 
chain hydrocarbons, especially isododecane. Isododecane is commercially 
available from Preperse, Inc. (South Plainfield, NJ, USA) as PermethylTM 
99A. 
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Plasticizer 

The compositions liereof can optionally contain a plasticizer for the 
silicone grafted polymer. Any plasticizer suitable for use in hair care 
products or for topical application to the hair or skin can be used. A wide 
variety of piasticizers are known in the art. These include acetyl 
triethylcitrate, triethycitrate, glycerin, diisobutyl adipate, butyl stearate, and 
propylene glycol. Piasticizers are typically used at levels of from about 
0.01% to about 10%, by weight of the composition, preferably from about 
0.05% to about 3%, more preferably from about 0.05% to about 1%. 
Optional Components 

Adhesive Polymer 

The compositions of the present invention can comprise an additional 
adhesive polymer. The compositions hereof will generally comprise from 
about 0.1% to about 15%, preferably from 0.5% to about 8%, more 
preferably from about 1% to about 8%, by weight of the composition, of the 
adhesive polymer. It is not intended to exclude the use of higher or lower 
levels of the polymers, as long as an effective amount is used to provide 
adhesive or film-forming properties to the composition and the composition 
can be fomnulated and effectively applied for its intended purpose. By 
adhesive polymer what is meant is that when applied as a solution to a 
surface and dried, the polymer forms a film. Such a film will have adhesive 
and cohesive strength, as is understood by those skilled in the art. 

The polymeric backbone is chosen such that it is compatible with the 
silicone adhesive styling polymer. By "compatible" is meant is that, when 
placed in a suitable solvent, the polymers form a stable solution, i. e., the 
polymers do not compete for solubility and therefore, cause no phase 
separation and when the solution is dried a uniform film is formed, with no 
macrophase separation of the two polymers. A suitable solvent is a solvent 
which substantially completely dissolves the non-silicone and silicone 
grafted polymers at the levels described herein. The polymer blend fornis a 
relatively clear hairspray system (% transmittance at 450 nm is generally 
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greater than 80%). U is recognized that certain plasticizers can form cloudy 
films as well as incorrect neutralization levels. Therefore, this would fall 
outside this definition of compatibility. The compatibility can be tested by 
dissolving the adhesive polymer and the silicone grafted hair styling resin in 
a mutual solvent, and then evaporating the solvent to forrrv a film. 
Incompatible polymers will fomn a cloudy film with poor mechanical 
properties, due to the large scale phase separation of the two polymers. 
Alternatively, after drying the polymer solution to a film, compatibility can be 
evaluated by measuring the Tg. Compatible polymers will have a single Tg, 
while Incompatible polymers will exhibit two Tg's. Although compatibility can 
occur between two polymers of completely different structures, it is preferred 
that compatibility be obtained by making the composition of the non-silicone 
backbone of the silicone grafted polymer similar to or identical to the 
composition of the adhesive polymer. 

The adhesive polymer should have a weight average molecular 
weight of at least about 20,000. preferably greater than about 25,000, more 
preferably greater than about 30,000, most preferably greater than about 
35,000. There Is no upper limit for molecular weight except that which limits 
applicability of the invention for practical reasons, such as processing, 
aesthetic characteristics, fonnulateabllity, etc. In general, the weight 
average molecular weight will be less than about 10,000,000, more 
generally less than about 5,000,000, and typically less than about 
2,000,000. Preferably, the weight average molecular weight will be between 
about 20,000 and about 2,000,000, more preferably between about 30,000 
and about 1 ,000,000, and most preferably between about 40,000 and about 
500,000. 

Preferably, the adhesive hereof when dried to form a film have a Tg 
of at least about -20''C, more preferably at least about 20*'C, so that they are 
not unduly sticky, or "tacky" to the touch. As used herein, the abbreviation 
•Tg" refers to the glass transition temperature of the backbone of the 
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polymer. Preferably, the Tg is above about -20°C, more preferably above 
about 20''C. 

Preferably the weight ratio of the non-silicone polymer to silicone 
grafted polymer ranges from about 1:10 to about 1:1, preferably from about 
1:5 to about 1:1. 

Exemplary adhesive polymers for use in the present invention 
include the following, where the numbers following the structure indicate the 
weight ratios of monomers as loaded into the polymerization reactor 

(i) acrylic acid/t-butyl acrylate 25/75 

(ii) dimethylaminoethyl methacrylate/isobutyl methacrylate/2- 
-ethylhexyl-methacryiate 40/40/20 

(iii) t-butylacrylate/acrylic acid 65/35 

(iv) polymer (11) quaternized by treatment with methyl chloride 
The adhesive polymers can be synthesized as described above such 

as by free radical polymerization of the monomers. 

Solubility of the adhesive polymer, as described above, should be 
determined after neutralization, if any, as well as after addition of other 
ingredients that may be included in the polar solvent phase, such as 
surfactants, solubilizers, etc. 

The present compositions can contain a wide variety of additional 
optional ingredients, including among them any of the types of ingredients 
known in the art for use in hair setting compositions, especially hair spray 
compositions and hair setting tonics. These Ingredients include, but are not 
limited to, surfactants (including fluorinated surfactants and silicone 
copolyols), and ionic strength modifiers, propellants, hair conditioning 
agents (e.g., silicone fluids, fatty esters, fatty alcohols, long chain 
hydrocarbons, cationic surfactants, etc.) 
loni? strength Modifier System 

Optionally, the compositions of the present invention can contain an 
effective amount of a non-surface active ionic strength modifier system for 
reducing the viscosity of the hair spray composition. When used, the ionic 
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strength modifiers will be present in the present compositions at a level of at 
least about 0.01%, by weight of the composition. The upper limit is 
dependent upon the maximum amount of the ionic strength modifiers that 
can be present in the particular compositions hereof such that the hair 
setting resin remains solubiiized or dispersed. As will be understood by 
those skilled In the art, as the ionic strength of the composition is increased, 
the resin will eventually fall out of solution, or otherwise no longer remain 
solubiiized or dispersed in the polar liquid carrier. The upper limit of the 
ionic strength modifier system level will vary depending upon the particular 
ionic strength modifiers, liquid vehicle, resin, and other ingredients present 
in the composition. Thus, for example, the maximum amount of the ionic 
strength modifiers that can be used will tend to be lower for compositions 
with liquid vehicles containing less water, compared to compositions with 
more water. Generally, the compositions will comprise about 4%, by 
weight, or less of the ionic strength modifiers, more generally about 2% or 
less, and typically about 1% or less. Preferably, the compositions hereof 
will comprise from about 0.01% to about 0.5%, more preferably from about 
0.01% to about 0.1%, of the ionic strength modifier system. 

The ionic strength modifier system comprises a mixture of monomeric 
cations and anions. The ions of the ionic strength modifier system hereof 
are non-surface active, i.e. they do not significantly reduce surface tension. 
For purposes hereof, non-surface active shall mean the ions, which at a 
0.5% aqueous solution concentration, reduce surface tension by no more 
than 5.0 dynes/cm2. Generally, the ions of the ionic strength modifier 
system hereof will be characterized by having, at maximum, four or less 
carbon atoms per charge, preferably two or less carbon atoms, in any 
aliphatic chain or straight or branched chain organic heterochain. 

The ionic strength modifier system comprises monomeric ions of the 
type which are products of acid-base reactions. Thus, basic and acidic ions 
OH" and H"^ do not constitute part of the ionic strength modifier system 
hereof, although they may be present in the composition. The ions hereof 
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are incorporated into Vne composition in a form such that they can exist in 
the composition as free ions, i.e., in dissociated form. It is not necessary 
that all of the ions added exist in the composition as free ions, but must be 
at least partially soluble or dissociated in the composition. The ionic 
strength modifiers can be incorporated into the hair styling compositions, for 
example, by addition of soluble salts, or by addition of mixtures of acids and 
bases, or by a combination thereof. It is a necessary aspect of the 
invention that both anions and cations of the ionic strength modifier system 
be included in the composition. 

Suitable cations for use include, for example, alkali metals, such as 
lithium, sodium, and potassium, and alkaline-earth metals, such as 
magnesium, calcium, and strontium. Preferred of the divalent cations is 
magnesium. Preferred monovalent metal ions are lithium, sodium, and 
potassium, particularly sodium and potassium. Suitable means of addition 
to the compositions hereof include, for example, addition as bases, e.g., 
hydroxides, sodium hydroxide and potassium hydroxide, and such as salts 
that are soluble in the liquid carrier, e.g. salts of monomeric anions such as 
those described below. 

Other suitable cations include organic ions, such as quaternary 
ammonium ions and cationic amines, such as ammonium mono-, di-, and 
tri-ethanolamines, triethyiamine, morpholine, aminomethylpropanol (AMP), 
aminoethylpropanediol, etc. Ammonium and the amines are preferably 
provided in the forms of salts, such as hydrochloride salts. 

Monomeric anions that can be used include halogen ions, such as 
chloride, fluoride, bromide, and iodide, particularly chloride, sulfate, ethyl 
sulfate, methyl sulfate, cyclohexyl sulfamate, thiosulfate, toluene sulfonate, 
xylene sulfonate, citrate, nitrate, bicarbonate, adipate, succinate, 
saccharinate, benzoate, lactate, borate, isethionate, tartrate, and other 
monomeric anions that can exist in dissociated form in the hair styling 
composition. The anions can be added to the compositions hereof, for 
example, in the fonn of acids or salts which are at least partially soluble in 
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the liquid vehicle, e.g., sodium or potassium salts of acetate, citrate, nitrate, 
chloride, sulfate, etc. Preferably, such salts are entirely soluble in the 
vehicle. 

The use of ionic strength modifiers are especially useful in reduced 
volatile organic solvent compositions, most especially those - utilizing 
silicone macromer-containing polymers. 

Personal Care Compositions 

The present invention encompasses a wide variety of personal care 
compositions, including shampoos, soaps, lotions, creams, antiperspirants, 
nail enamels, lipsticks, foundations, mascaras, sunscreens, hair spray 
compositions, mousses, and hair setting tonics. Compositions that will be 
flowable, e.g., low viscosity compositions that, preferably, are suitable for 
spray application as well as higher viscosity compositions are also 
contemplated. 

Personal care carriers are suitable for use in the present Invention 
are described in U.S. Patent 5,306,485 to Robinson et al., issued April 26, 
1994, and U.S. Patent 5,002,680 to Schmidt et al., issued March 26, 1991, 
both of which are incorporated by reference herein. Hair spray 
compositions and mousses of the present invention can be dispensed from 
containers which are aerosol dispensers or pump spray dispensers. Such 
dispensers, i.e., containers, are well known to those skilled in the art and 
are commercially available from a variety of manufacturers, including 
American National Can Corp. and Continental Can Corp. 

When the hair spray compositions are to be dispensed from a 
pressurized aerosol container, a propel lant which consists of one or more of 
the conventionally-known aerosol propellants may be used to propel the 
compositions. A suitable propellanf for use can be generally any liquifiabie 
gas conventionally used for aerosol containers. 

Suitable propellants for use are volatile hydrocarbon propellants 
which can include liquefied lower hydrocarbons of 3 to 4 carbon atoms such 
as propane, butane and isobutane. Other suitable propellants are 
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hydrofluorocarbons such as 1 ,2-difluoroethane (Hydrofluorocarbon 152A) 
supplied as Dymel 152A by DuPont. Other examples of propellants are 
dimethylether, N-butane, isobutane, propanes, nitrogen, carbon dioxide, 
nitrous oxide and atmospheric gas and mixtures thereof. 

The aerosol propeilant may be mixed with the present compositions 
and the amount of propeilant to be mixed is governed by nomial factors well 
known in the aerosol art. Generally, for liquifiable propellants, the level of 
propeilant is from about 10% to about 60% by weight of the total 
composition, preferably from about 15% to about 40% by weight of the total 
composition. 

Alternatively, pressurized aerosol dispensers can be used where the 
propeilant is separated from contact with the hair spray composition such as 
a two compartment can of the type sold under the tradename SEPRO from 
American National Can Corp. 

Other suitable aerosol dispensers are those characterized by the 
propellent being compressed air which can be filled Into the dispenser by 
means of a pump or equivalent device prior to use. Such dispensers are 
described in U.S. Patents 4,077,441, March 7, 1978, Olofsson and 
4,850,577, July 25, 1989, TerStege, both incorporated by reference herein, 
and in U.S. Serial No. 07/839,648, Gosselin et al., filed February 21, 1992, 
also incorporated by reference herein. Compressed air aerosol containers 
suitable for use are also currently marketed by The Procter & Gamble 
Company under their tradename VIDAL SASSOON AIRSPRAY® hair 
sprays. 

Conventional non-aerosol pump spray dispensers, i.e., atomizers, 
can also be used. 

Other hair styling compositions include tonics and lotions, which are 
typically dispensed in a conventional bottle or tube, and applied directly to 
the hair or first dispensed to the hand and then to the hair. 

The hair styling fomnulations of the present invention can optionally 
contain conventional hair care composition adjuvants. Generally, adjuvants 
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collectively can comprise from about 0.05%- to about 5% by weight and 
preferably from about 0.1% to about 3%, by weight. Such conventional 
optional adjuvants are well known to those skilled in the art and include in 
addition to those discussed above, emollients; lubricants and penetrants 
such as various lanolin compounds; protein hydrolysates and other protein 
derivatives; ethylene adducts and polyoxyethylene cholesterol; dyes, tints, 
bleaches, reducing agents and other colorants; pH adjusting agents 
sunscreens; preservatives; thickening agents (e.g. polymeric thickeners, 
such as xanthan gum); and perfume. 

METHOD OF MAKING 

The personal care compositions of the present invention can be 
made using conventional formulation and mixing techniques. 

METHOD OF USE 

The compositions of the present invention are used in conventional 
ways to provide the personal care compositions of the present invention. 
Such method generally involves application of an effective amount of the 
product. For example, in a hair spray composition, said composition is 
applied to the desired dry, slightly damp, or wet hair before and/or after the 
hair is arranged to a desired style. The composition is then dried or allowed 
to dry. By "effective amount" is meant an amount sufficient to provide the 
desired benefits. 

The following Experimentals and Examples further illustrate 
embodiments within the scope of the present invention. They are given 
solely for the purposes of illustration and are not to be construed as 
limitations of the present Invention as many variations of the invention are 
possible without departing from its spirit and scope. 

EXPERIMENTALS 

The following synthesis exemplify silicone grafted polymers useful in 
the present compositions. 
Polymer 1 
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Synthesis of Poly(t-butyl acrylate-co-n-butyl acrylate-co-acrylic ad6-co- 
methacrylic acicl)-graft-poly(dimethylsiloxane) 

Place 42.75 parts of t-butyl acrylate, 27.25 parts n-butyl acrylate, 10 
parts methacrylic acid, 10 parts acrylic acid, and 10 parts 
polydimethylsiloxane macromonomer in a roundbottom flask. Add -sufficient 
acetone as the reaction solvent to produce a final monomer concentration of 
20%. Purge the vessel with argon for approximately one hour. Following 
the purge, maintain a constant positive pressure on the closed reaction 
system with argon. Heat the reaction to 58°C. Prepare a 10% solution of 
azobisisobutyronitrile (0.5% by weight relative to the amount of monomer) in 
acetone, and add it to the reaction mixture. Maintain heat and stirring for 20 
hours. Terminate the reaction by opening the reactor to atmosphere and 
cooling to room temperature. 

The polymer solution is then precipitated in water at one part solution 
to 15 parts water. The resultant polymer is then redissolved in acetone. 
This procedure is repeated six times, with the final polymer being placed in 
a vacuum oven for heated drying. This completes the polymer purification 
process. 
Polymer 2 

Synthesis of Poly(t-butyl acrylate-co-n-butyl acrylate-co-methacrylic acid)- 
graft-poly(dimethylsiloxane) 

Place 32 parts of t-butyl acrylate, 27 parts n-butyl acrylate, 21 parts 
methacrylic acid, and 20 parts polydimethylsiloxane macromonomer in a 
roundbottom flask. Add sufficient acetone as the reaction solvent to 
produce a final monomer concentration of 20%. Purge the vessel with 
argon for approximately one hour. Following the purge, maintain a constant 
positive pressure on the closed reaction system with argon. Heat the 
reaction to 58°C. Prepare a 10% solution of azobisisobutyronitrile (0.5% by 
weight relative to the amount of monomer) in acetone, and add it to the 
reaction mixture. Maintain heat and stirring for 20 hours. Terminate the 
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reaction by opening the reactor to atmosphere and cooling to room 
temperature. 

The polymer solution is then precipitated in water at one part solution 
to 15 parts water. The resultant polymer is then redissolved in acetone. 
This procedure is repeated six times, with the final polymer being placed in 
a vacuum oven for heated drying. This completes the polymer purification 
process. 

EXAMPLES 
Examples 1-4 

The following examples represent nonaerosol hairspray compositions 
of the present invention. 

Example No 



Component {\Nt. %) 


1 


2 


3 


4 


Copolymer"^ 


4.00 


4.75 


5.50 


5.50 


lsododecane2 


1.00 


1.00 


1.00 


3.00 


Diisopropyl butyl adipate 


0.40 


0.75 


0.90 


0.55 


Sodium hydroxide^ 


0.96 


1.20 


1.44 


1.6 


Perfume 


0.10 


0.10 


0.10 


0.10 


Water 


17.00 


20.00 


20.00 


18.00 


Ethano|4 


76.54 


71.95 


70.56 


71.25 



Poly(t-butyl acrylate-co-n-butyl acrylate-co-acrylic acid-co-methacrylic 
acid)-graft-poly(dimethylsiloxane). 

2 PERMETHYL 99A. from Presperse. Inc., South Plainfield, NJ, USA. 

3 Sodium hydroxide is 30% active. 

4SDA40(100%ethanol). 
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EXAMPLE 5 ■ 

Sunscreen Composition 

An oil-in-water emulsion is prepared by combining the following 
components utilizing conventional mixing techniques. 



Inaredlents 




Phase A 


Weiaht % 


Water 


QS100 


Carbomer 954P ] 


0.24 


Carbomer 1342[2] 


0.16 


Copolymsrl^l 


1.00 


Disodium EDTA 


0.05 


Phase B 




isoarachidyl Neopentanoate[^] 


2.00 


PVP Eicosene Copolymerl^I 


2.00 


Octyl Methoxycinnamate 


7.50 


Octocrylene 


4.00 


Oxybenzone 


1.00 


Titanium Dioxide 


2.00 


Cetyl Palmitate 


0.75 


Stearoxytrimethylsilane (and) 




Stearyl Alcohol[6] 


0.50 


Glyceryl Tribehenate 


0.75 


Dimethicone 




Tocopheryl Acetate 


0.10 


DEA-Cetyl Phosphate 


0.20 


Phase C 




Water 


2.00 


Triethanolamine 99% 


0.60 


NaOH solution 40% 


0.33 


Phase D 




Water 


2.00 
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Butylene Glycol 2.00 
DMDM Hydantoin (and) 

lodopropynyl Butylcarbamate[7] 0.25 
dL Panthenol 1 .00 

Phase E 

dimethylmyrlstamine 0.36 
1"^ ] Available as Carbopol® 954 from B.F. Goodrich. 
[2] Available as Carbopol® 1 342 from B.F. Goodrich. 
[3] Poly(t-butyl acrylate-co-n-butyl acrylate-co-acrylic acid-co-methacrylic 
acid)-graft-poly(dimethylsiloxane) 
[4] Available as Ganex V-220 from GAP Corporation. 
[5] Available as DC 580 Wax from Dow Corning. 
[6] Available as Synchrowax HRC from Croda. 
U] Available as Glydant Plus from Lonza. 

tn a suitable vessel the Phase A ingredients are dispersed In the 
water and heated to 75-85''C. In a separate vessel the Phase B ingredients 
(except DEA-Cetyl Phosphate) are combined and heated to 85-90"C until 
melted. Next, the DEA-Cetyl Phosphate is added to the liquid Phase B and 
stinred until dissolved. This mixture is then added to Phase A to fomn the 
emulsion. The Phase C ingredients are combined until dissolved and then 
added to the emulsion. The emulsion is then cooled to 40-45''C with 
continued mixing. In another vessel, the Phase D ingredients are heated 
with mixing to 40-45''C until a clear solution is formed and this solution is 
then added to the emulsion. Finally, the emulsion is cooled to 35''C and the 
Phase E ingredients are combined at 65°C, use an appropriate 
homogenizer to facilitate incorporation of the copolymer into the solvent. 
Phase E is the cooled to 35°C, added and mixed. 

This emulsion is useful for topical application to the skin to provide 
protection from the harmful effects of ultraviolet radiation. 
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EXAMPLE 6 . 

Facial Moisturizer 

A leave-on facial emulsion composition containing a cationic 
hydrophobic surfactant is prepared by combining the following components 



utilizing conventional mixing techniques. 

Ingredient Weig ht % 
Phase A 

Water QS100 

Glycerin 3.00 

Cetyl Palmitate 3.00 

Cetyl Alcohol 1.26 

Quaternium-22 1 .00 

Glyceryl Monohydroxy Stearate 0.74 

Dimethicone 0.60 

Stearic Acid 0.55 

Octyldodecyl Myristate 0.30 

Potassium Hydroxide 0.20 

Carbomer1342 0.125 

Tetrasodium EDTA 0.10 
DMDM Hydantoin and lodopropynyl 

Butyl Carbamate 0.10 

Carbomer 951 0.075 
Phase B 

Isododecane 4.00 

Copoiymer[1] 1.00 

stearamine 0.36 



[1] Po[y(t-butyl acrylate-co-n-butyl acrylate-co-acrylic acid-co- 
methacrylic acid)-graft-poly(dimethylsiloxane) 

In a suitable vessel the Phase A ingredients are combined to form an 
emulsion. Phase B is prepared by dispersing the copolymer in Isododecane 
(solvent) then adding the stearamine. Heat the solution to SS'C and use an 
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appropriate homogenizer to facilitate incorporation of the copolymer into the 
solvent. Cool the Phase B and mix into Phase A using conventional mixing 
techniques. 

This emulsion is useful for application to the skin as a moisturizer. 
EXAMPLE 7 

The following is an anti-perspirant composition representative of the 



present invention. 

Component Weight % 

PPG 2 Myristyl Propionate 34.00 % 
Glyceryl Ci a - C36 Wax Acid Ester 0.40 % 

Cyclomethicone 32.75 % 
Copolymer[1] 1.00% 
dimethylmyristamine 0.50 % 

Aluminum Chlorohydrate 19.00% 
PPG 5 Ceteth 20 7.50 % 

Water 1.50% 



[1] Poly(t-butyl acrylate-co-n-butyl acrylate-co-acrylic acid-co- 
methacrylic acid)-graft-poly(dimethylsiloxane) 

Mix PPG 2 Myristyl Propionate and Glyceryl Cig - C36 Wax Acid 
Ester, heat to 75°C. Disperse the Chlorohydrate. Disperse the copolymer 
in Cyclomethicone (solvent) then add the dimethylmyristamine. Heat the 
solution to 65'C and use an appropriate homogenizer to facilitate 
incorporation of the copolymer into the solvent. Add the cyclomethicone 
mixture to the Chlorohydrate dispersion. Mix PPG 5 Ceteth 20 and the 
vt/ater, the add to oils, perfume and cool. 
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EXAMPLE 8 - 

The following is an anti-acne composition representative of the 
present invention. 

Component Weight % 

Copolvmer-Solvent Mix 

Copolymerl''] 1.00% 
dimethylpalmitamine 0.18% 
Isopar H® P] 3.75 % 

Main Mix 

Water Q.S. to100% 

Ethane! (SDA 40) 40.00 % 

Carbopol 940® 0.75 % 

Triethanol Amine 1 .00 % 

Salicylic Acid 2.00% 
ClPolyCt-buty! acrylate-co-n-butyl acrylate-co-acrylic acld-co- 
methacrylic acid)-graft-poly(dimethylsiloxane) 

[2]Ci 1-612 Isoparaffin, available from Exxon Chemical Co. 
This product is prepared by dispersing the copolymer in Isopar H® 
(solvent) then adding the dimethylpalmitamine. Heat the solution to GS'C 
and use an appropriate homogenizer to facilitate incorporation of the 
copolymer into the solvent. The other components are mixed in a separate 
vessel at ambient temperature. The copolymer-soivent premix is cooled (if 
needed) and added to the other components. This composition is useful for 
application to the skin to provide improve water resistance and is useful in 
the treatment of acne. 
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EXAMPLE 9- 

The following is an anti-acne composition representative of the 
present invention. 

Component Weight % 

CoDolvmer-Solvent Mix 

CopolymerH] 1.00% 
dimethyipalmitamine 0.18% 
Isopar H® [2] 3.75 % 

Main Mix 

Water Q.S. to100% 

Ethanol(SDA40) 20.00% 
Carbopol 940® 0.75 % 

Triethanol Amine 1 .00 % 

Ibuprofen 2.00 % 

[1]Poly(t-butyl acrylate-co-n-butyl acrylate-co-acrylic acid-co- 
methacrylic acld)-graft-poly(dlmethylsiloxane) 

[2] C'|-]-Ci2 Isoparaffin, available from Exxon Chemical Co. 
This product is prepared by dispersing the copolymer in Isopar H® 
(solvent) then adding the dimethyipalmitamine. Heat the solution to 65°C 
and use an appropriate homogenizer to facilitate incorporation of the 
copolymer into the solvent. The other components are mixed in a separate 
vessel at ambient temperature. The copolymer-solvent premix is cooled (if 
needed) and added to the other components. This composition is useful for 
application to the skin to provide improve water resistance and Is useful for 
the analgesic effects. 
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WHAT IS CLAIMED IS: 

1 . A personal care composition comprising: 

(a) a silicone grafted adhesive polymer, said polymer being 
characterized by an organic polymeric backbone wherein 
said backbone comprises 

(i) at least one monomer wherein when said monomer 
is polymerized as a homopolymer having a Tg of 
from about -120° C to about 25° C and 

(ii) at least one monomer wherein when said monomer 
is polymerized as a homopolymer having a Tg of 
from above about 25°C to about 250°C 

wherein said silicone grafted adhesive polymer has silicone 
macromers grafted to said backbone and wherein the number 
average molecular weight of said silicone macromers is 
greater than about 1000; and 

(b) a personal care canrier. 



2. A personal care composition according to Claim 1, wherein said 
monomer of (a) and (b) is independently selected from the group 
consisting of acrylic acid, methacrylic acid, N,N-dimethylacrylamide, 
dimethyl aminoethyl methacrylate, quaternized dimethylaminoethyl 
methacrylate, methacrylamide, N-t-butyl acrylamide, maleic acid, 
maleic anhydride and Its half esters, crotonic acid, itaconic acid, 
acrylamide, acrylate alcohols, hydroxyethyl methacrylate, 
diallyldimethyl ammonium chloride, vinyl pyrrolidone, vinyl ethers, 
maleimides, vinyl pyridine, vinyl imidazole, styrene sulfonate, allyl 
alcohol, vinyl alcohol, esters of Ci-C-js alcohols, styrene; vinyl 
acetate; vinyl chloride; vinylidene chloride; vinyl propionate; alpha- 
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methylstyrene; t-butylstyrene; butadiene; cyciohexadiene; ethylene; 
propylene; vinyl toluene and salts of acids and amines above. 

3. A personal care composition according to Claim 2 wherein the 
monomer of (a) is selected from the group consisting of 3- 
methoxybutyl acrylate, 2-methoxyethyl acrylate, 2-phenoxyethyl 
ester, 2-hydroxyethyl ester, 4-hydroxybutyl acrylate, 2- 
ethoxyethoxyethyl acrylate, 2-ethoxyethyl acrylate, n-butyl acrylate, 
dodecyl acrylate, 2-ethylhexyl acrylate, 2-ethylbutyl acrylate, n-ethyl 
acrylate, n-heptyl acrylate, n-hexyl acrylate, Iso-butyl acrylate, iso- 
decyl acrylate, iso-propyl acrylate, 3-methylbutyl acrylate, 2- 
methylpentyl acrylate, nonyl acrylate, octyl acrylate, 2-ethylhexyl 
methacrylate, n-pentyl methacrylate, N-dodecylacrylamide, N- 
octadecylacrylamide, sec-butyl vinyl ether, butyl vinyl ether, vinyl 
propionate, vinyl butyrate.decylvinyl ether, methyl vinyl ether, 4- 
decylstyrene, isobutylene, 1-butene, 5-methyl-1-hexene, isoprene, 
1,2^utadiene, 1,4-butadiene and mixtures thereof. 

4. A personal care composition according to Claim 3 wherein the 
monomer of (a) is selected from the group consisting of 3- 
methoxybutyl acrylate , 2-methoxyethyl acrylate, n-butyl acrylate, 
dodecyl acrylate. 2-ethylhexyl acrylate, 2-ethylbutyl acrylate, ethyl 
acrylate, n-heptyl acrylate, n-hexyl acrylate, iso-butyl acrylate, iso- 
decyl acrylate, iso-propyl acrylate, 3-methylbutyl acrylate, 2- 
methylpentyl acrylate, nonyl acrylate, octyl acrylate, 2-ethylhexyl 
methacrylate, n-pentyl methacrylate, N-octadecylacrylamide and 
mixtures thereof. 
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6. A personal care composition according to Claim 4 wherein the 
monomer of (a) is selected from the group consisting of 2- 
methoxyethyl acrylate, n-butyl acrylate, n-ethyl acrylate and mixtures 
thereof. 

6. A personal care composition according to Claim 3 v^erein the 
monomer of (a) has a Tg of from about -70° C to about 25° C. 

7. A personal care composition according to Claim 6 wherein the 
monomer of (a) has a Tg of from about -60° C to about 0° C. 

8. A personal care composition according to Claim 7 wherein the 
monomer of (a) has a Tg of from about -60° C to about -20° C. 

9. A personal care composition according to Claim 2 wherein the 
monomer of (b) is selected from the group consisting of sec-butyl 
methacrylate, t-butyl acrylate, methyl methacrylate, Isopropyl 
methacrylate, 2-t-butylaminoethyl methacrylate, dimethyl aminoethyl 
methacrylate, quaternized dimethyl aminoethyl methacrylate, 4- 
biphenyl acrylate, pentachlorophenyl acrylate, 3,5-dimethyladamantyl 
acrylate, 3,5-dimethyladamentyl methacrylate, isobornyl acrylate, 
trimethysilyl methacrylate, trimethylsilyl acrylate, acrylic acid, 
methacrylic acid, salts of acrylic and methacrylic acids, N- 
butylacrytlamide, acrylamide, N-isopropylacrylamide, N-t- 
butylmethacrylamide, 2-vinylpyridine, 4-vinylpyridine, vinyl acetate, 
vinyl chloride, N-vinylcaprolactam, N-vinyl pyrollidone, cyclohexyl 
vinyl ether, vinyl alcohol, vinyl imidazole, styrene, 4-t-butylstyrene, 2- 
methoxystyrene, 4-acetylstyrene, styrene sulfonate, 
diallyldimethylammonium chloride, maleimides, crotonic acid, itaconic 
acid, maleic anhydrides, allyl alcohol, a-pinene, p-pinene, tert-butyl 
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styrene, a-methyl styrene, indene, norbornene, norbornylene and 
mixtures therof. 

10. A personal care composition according to Claim 9 wherein the 
monomer of (b) is selected from the group consisting of t-butyl 
methacrylate, t-butyl acrylate, methyl methacrylate, dimethyl 
aminoethyl methacrylate, isopropyl methacrylate, trimethysilyl 
methacrylate, trimethylsilyl acrylate, acrylic acid, methacrylic acid, 
salts of acrylic and methacrylic acids, tert-butyl styrene, a-methyl 
styrene, 2-vinylpyridine, 4-vinylpyridine, N-isopropylacrylamide, N-t- 
butylmethacrylamide and mixtures thereof. 

11. A personal care composition according to Claim 10 wherein the 
monomer of (b) is selected from the group consisting of t-butyl 
methacrylate, t-butyl acrylate, methyl methacrylate, acrylic acid, 
methacrylic acid, salts of acrylic and methacrylic acids, tert-butyl 
styrene. 

12. A personal care composition according to Claim 9 wherein the 
monomer of (b) has a Tg of from above about 30° C to about 200° C. 

13. A personal care composition according to Claim 12 wherein the 
monomer of (b) has a Tg of from about 35° C to about 1 50° C. 

14. A personal care composition according to Claim 11 wherein the 
monomer of (b) has a Tg of from about 40° C to about 130° C. 
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15. A personal care composition according to Claim 4 wherein said 
copolymer is formed from the random copolymerization of the 
following relative weight percentages of vinyl monomer units and 
polysiloxane-containing macromonomer units: 

a. from about 50% to about 98%, by weight of said copolymer, of 
vinyl monomer units, and 

b. from about 2% to about 50%, by weight of said copolymer, of 
polysiloxane-containing macromonomer units, wherein said 
polysiloxane-containing macromonomer units have a weight 
average molecular weight from about 1,000 to about 50,000, 
and correspond to the chemical formula: 

X(Y)nSi(R)3.m(Z)m wherein: 
X Is a vinyl group copolymerizable with said vinyl monomer 
units; 

Y is a divalent linking group; 

R is selected from the group consisting of hydrogen, hydroxy!. 
C1-C6 alkyi, C1-C6 alkoxy. C2-C6 alkylamino, phenyl, C1-C6 
alky or alkoxy-substituted phenyl; 

Z is a monovalent siloxane polymeric moiety having a number 

average molecular weight of at least about 1000, is essentially 

unreactive under copolymerization conditions, and is pendant 

from said vinyl polymeric backbone after polymerization; 

n is 0 or 1 ; and 

m is an integer from 1 to 3. 

16. A personal care composition according to Claim 8 wherein said 
copolymer is formed from the random copolymerization of the 
following relative weight percentages of vinyl monomer units and 
polysiloxane-containing macromonomer units: 

a. from about 50% to about 98%, by weight of said copolymer, of 
vinyl monomer units, and 
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b. from about 2% to about 50%, by weight of said copolymer, of 
polysiloxane-containing macromonomer units, wherein said 
polysiloxane-contalning macromonomer units have a weight 
average molecular weight from about 1 ,000 to about 50,000, and 
correspond to the chemical formula: 

X(Y)nSi(R)3.m(Z)m wherein: 
X is a vinyl group copolymerizable with said vinyl monomer units; 
Y is a divalent linking group; 

R is selected from the group consisting of hydrogen, hydroxyl, 
C1-C6 alkyi, C1-C6 alkoxy, C2-C6 alkylamino, pihenyl, C1-C6 
alky or alkoxy-substituted phenyl; 

Z is a monovalent siloxane polymeric moiety having a number 

average molecular weight of at least about 1000, Is essentially 

unreactive under copolymerization conditions, and is pendant 

from said vinyl polymeric backbone after polymerization; 

n is 0 or 1 ; and 

m is an integer from 1 to 3. 

17. A personal care composition according to Claim 1 in the form of a 
shampoo, soap, lotion, cream, antiperspirant, nail enamel, lipstick, 
foundation, mascara, sunscreen, hair spray, mousse or hair setting 
tonic. 



18. A hairspray composition comprising 

(a) a silicone grafted adhesive polymer, said polymer being 
characterized by an organic polymeric backbone wherein said 
backbone comprises 

(i) at least one monomer wherein when said monomer is 
polymerized as a homopolymer having a Tg of from about - 
120° C to about 25° C and 
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(ii) at least one monomer wherein when said monomer is 
poiymerizeci as a homopolymer having a Tg of from above 
about 25° C to about 250° C 
wherein said silicone grafted adhesive polymer has silicone 
macromers grafted to said backbone and wherein the number 
average molecular weight of said silicone macromers is 
greater than about 1000; and 
(b) a solvent carrier. 

19. A hairspray composition according to Claim 17, wherein said 
monomer of (a) and (b) is independently selected from the group 
consisting of acrylic acid, methacrylic acid, N.N-dimethylacrylamide, 
dimethyl aminoethyl methacrylate, quaternized dimethylaminoelhyl 
methacrylate, methacrylamide, N-t-butyl acrylamide, maleic acid, 
maleic anhydride and its half esters, crotonic acid, itaconic acid, 
acrylamide, acrylate alcohols, hydroxyethyl methacrylate, 
diallyldimethyl ammonium chloride, vinyl pyrrolidone, vinyl ethers, 
maleimides, vinyl pyridine, vinyl imidazole, styrene sulfonate, allyl 
alcohol, vinyl alcohol, esters of C1-C18 alcohols, styrene; 
polystyrene macromer; vinyl acetate; vinyl chloride; vinylidene 
chloride; vinyl propionate; alpha-methylstyrene; t-butylstyrene; 
butadiene; cyclohexadiene; ethylene; propylene; vinyl toluene and 
salts of acids and amines above and wherein the monomer of (a) has 
a Tg of from about -60° C to about -20° C . 

20. A hairspray composition according to Claim 17 wherein the monomer 
of (b) is selected from the group consisting of sec-butyl methacrylate, 
t-butyl acrylate, methyl methacrylate, isopropyl methacrylate, 2-t- 
butylaminoethyl methacrylate, dimethyl aminoethyl methacrylate, 
quaternized dimethyl aminoethyl methacrylate, 4-biphenyl acrylate, 
pentachlorophenyl acrylate, 3,5-dimethyladamantyl acrylate, 3,5- 
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dimethyladamentyl methacrylate, isobornyl acrylate, trimethysilyl 
methacrylate, trimethylsilyl acrylate, acrylic acid, methacrylic acid, 
salts of acrylic and methacrylic acids, N-butylacrytlamide, acrylamide, 
N-isopropylacrylamide, N-t-butylmethacrylamide, 2-vinylpyridine, 4- 
vinylpyridine, vinyl acetate, vinyl chloride, N-vinylcaprolactarrv, N-vinyl 
pyroliidone, cyclohexyl vinyl ether, vinyl alcohol, vinyl imidazole, 
styrene, 4-t-butylstyrene, 2-methoxystyrene, 4-acetylstyrene, styrene 
sulfonate, diallyldimethylammonium chloride, maleimides, crotonic 
acid, itaconic acid, maleic anhydrides, allyl alcohol, a-pinene, p- 
pinene, tert-butyl styrene, a-methyl styrene, indene, norbornene, 
norbornylene and mixtures therof and wherein .the monomer of (b) 
has a Tg of from about 35° C to about 150° C. 
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PERSONAL CARE COMPOSITIONS CONTAINING 
GRAFT POLYMERS 



TECHNICAL FIELD 
The present invention relates to an improved method of making hydrophobic 
and hydrophilic graft polymers suitable for use in personal care compositions, and to 
hsur styling compositions and other personal care compositions containing the graft 
polymers. 

BACKGROUND OF THE INVENTION 

Personal care compo»tions such as hair sprays, styling shampoos, cosmetics, 
skin care products, and the like, often contain film-forming polymers for various 
reasons. These film-forming polymers are especially useftjl in hair care compositions 
to provide hair styling performance to the composition. Film-forming polymers for 
use in such compositions include organic or silicone-contdning, linear or graft, 
copolymers which contain various monomers in an alternating, random, block or 
homopolymer configuration. 

Graft copolymers are well known for use as film-forming polymers in hair 
care and other personal care compositions. These graft copolymers typically 
comprise a polymeric backbone and one or more macromonomers grafted to the 
backbone, wherein the physical and chemical attributes such as glass transition 
temperature values (Tg^ , water solubility, and so forth are selected for the polymeric 
backbone and macromonomer grafts so as to provide the desired film-forming 
properties and other chemical or physical properties of the copolymers in a personal 
care composition. The graft copolymers are especially versatile in that the polymeric 
backbone and the attached macromonomer grafts can have select or different 
chemical or physical properties which collectively provide the optimal formulation or 
performance profile for the intended personal care composition in which it will be 
used. 

Synthesis of graft copolymers, however, is typically more difiicult than 
synthesis of many copolymers, especially linear polymers. Unlike linear polymer 
synthesis, the synthesis of graft copolymers typically involves a separate 
polymerization step involving the making of a macromonomer containing a reactive 
end group, copolymerization of the macromonomer with a copolymerizable. 
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ethylenically unsaturated monomer, and then termination of this last copolymerization 
step to obtain the desired graft polymers. 

It has now been found that hydrophobic and hydrophilic graft polymers can 
now be made by simpler, more eflfective synthesis methods, and that these new 
synthesis methods result in the formation graft polymers which when applied to the 
hair or other surface form a polymeric film or weld having improved adhesive and 
cohesive strength. These polymers are very usefijl when used as film-forming 
polymers in personal care compositions, especially when used as film-forming or 
styling polymers in hair styling compositions. The graft polymers in these hair 
styling compositions provide improved styling and/or conditioning performance, and 
are especially effective in providing improved durability of hair style and improved 
hast feel. 

It is therefore an object of the present invention to provide an improved 
method for making graft polymers, and ftirther to provide such a method for making 
graft polymers for use in personal care compositions, and yet ftirther to provide such 
a method which involves fewer synthesis steps than other conventional methods of 
making graft polymers. It is yet another object of the present invention to provide 
hair styling and other personal care compositions containing the graft polymers made 
in accordance with the synthesis method herein, wherein the graft polymers have a 
low polydispersity, and wherein the compositions contain low or reduced 
concentrations of polymer contaminants such as ungrafted polymeric backbone 
and/or unattached polymeric grafts or side chains. 

SUMMARY OF THE INVENTION 

The present invention personal care compositions comprising from about 
fi-om about 0.1% to about 15% by weight of a graft polymer and from about 0.1% 
to about 99.9% by weight of a liquid carrier, wherein the graft polymer is made in 
accordance with the process comprising the steps of (a) reacting copolymerizable 
monomers to form an organic polymeric backbone having a weight average 
molecular weight of from about 15,000 grams/mole to about 9,800,000 grams/mole 
and a plurality of organic halide moieties covalently bonded to and pendant fi-om the 
polymeric backbone; and then (b) reacting copolymerizable monomers with the 
organic halide moieties of the polymeric backbone by atom transfer fi-ee radical 
polymerization in the presence of a catalytic amount of a transition metal species, 
preferably a Cu(I) salt and preferably complexed to a suitable ligand, to form a 
plurality of poljoneric side chains covalently bonded to and pendant fi-om the 
polymeric backbone and having a weight average molecular weight of from about 
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500 grams/mole to about 200,000 grams/mole, wherein the polymeric back bone and 
the plurality of polymeric ade chains form graft polymers suitable for use in personal 
care compositions and having a weight average molecular weight of ftiom about 
16,000 grams/mole to about 10,000,000 grams/mole. 

It has been found that the above-described process limitations allow for a 
simpler, more eflFective, synthesis of graft polymers using fewer process steps than 
conventional synthesis methods, and also allows for the synthesis of graft polymers 
without reliance upon the use of copolymerizable macromonomers, or a separate 
synthesis step for making such macromonomers. It has also been found that 
personal care compositions containing these graft polymers contain low or reduced 
concentrations of polymer contaminants such as ungrafted polymeric backbone 
and/or unattached polymeric grafts or side chains, wherein the graft polymers also 
have a low or reduced polydispersity. 

DETAILED DESCRIPTION OF THE INVENTION 

The process limitations of present invention comprise two key reactions 
steps. In a first reaction step, copolymerizable monomers are reacted together to 
form a polymeric backbone containing organic halide moieties covalently bonded 
to and pendant from the backbone. In a second subsequent reaction step, the 
polymeric backbone is reacted with copolymerizable monomers by atom transfer 
radical polymerization in the presence of a catalytic amount of a Cu(l) salt or 
other transition metal species, preferably complexed to a suitable ligand. Each of 
these two essential process steps are described in detail hereinafter. 

The terms "hydrophilic" or "water soluble" as used herein, unless otherwise 
specified, are used interchangeably and refer to polymers (or salt forms of such 
polymers produced by neutralization or quatemization of acidic or basic groups) or 
other materials that are soluble in distilled water, ethanol, «-propanol, isopropanol, or 
combinations thereof, at 25°C and at a concentration of 0.2% by weight of such 
polymer or other material. The terms "hydrophobic" and "water insoluble" as used 
herein, unless otherwise specified, are used interchangeably and refer to all other 
polymers or materials that are not hydrophilic as defined herein. 

The method of the present invention can comprise, consist of, or consist 
essentially of the essential elements or limitations of the invention described 
herein, as well as any of the additional or optional elements or limitations 
described h^in. 

All molecular weights as used herein, unless otherwise specified, are weight 
average molecular weights expressed as grams/mole. 



PCT/IB98/00753 



All percentages, parts and ratios are by weight of the total referenced 
composition, unless otherwise specified. All such weights as they pertain to listed 
ingredioits are based on the active level and, therefore, do not include solvents or 
by-products that may be included in commercially available materials, unless 
otherwise specified. 

The personal care compositions of the present invention comprise graft 
poljmiers made in accordance with the process limitations herein, which process 
comprises two essential reaction steps. In the first reaction step, the polymeric 
backbone of the graft polymers herein are first prepared. This is accomplished by 
reacting copolymerizable monomers to form a polymeric backbone containing a 
plurality of organic halide moieties covalently bonded to and pendant from the 
polymeric backbone, and includes those polymers which conform generally to the 
formula 

lAlalBlb 

c 

where " A " is a monomer unit having an organic halide moiety "C" attached which is 
covalently bonded to and pendant from the " A " monomer unit, and " B " is a 
monomer unit that is copolymerizable with the " A " monomer unit, "a" is a positive 
integer having a value of 2 or greater, preferably a value of from about 2 to about 30 
, and " b" is a positive integer having a value of at least about 4, preferably a value of 
from about 10 to about 2000. The organic halide moiety "C" includes any linear, 
branched or cyclic (aromatic or otherwise) carbon structure, whether substituted or 
unsubstituted, which also contain a halogen atom (Fl, Ci, Br or I). 

In the first reaction step of the synthesis method herein, the "A" monomer 
unit with the attached organic halide moiety "C" is preferably selected from the group 
of allyl monomers, vinyl acetate monomers, acid halide monomers, styryl monomers, 
or combination thereof, and more preferably selected from the monomer units 
characterized by the following general structures (Groups I-V): 
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CH2=C — CH-X 
R2 



(n) 



(HI) 



(IV) 



CH2=C— C— X 



C=CH2 



(V) 

CH2=CH — O— R*— X 

where R is methyl or hydrogen; X is a halogen atom (Fi, CI, Br, I); r1 and r2 are 
each independently selected from methyl, hydrogen or methoxy; and is an alkyl 
group having from 1 to 8 carbon atoms. 

The first reaction step of the process herein involves any conventional or 
otherwise known polymerization techniques such as ionic, Ziegler-Natta, iree radical, 
group transfer or step growth polymerization, or combinations thereof The first 
reaction step preferably involves conventional fi-ee radical polymerization techniques. 
Once the first reaction is complete, or has progressed to the extent desired, the first 
reaction step is terminated or allowed to terminate depending on the polymerization 
method selected, the degree or extent of polymerization desired, the reactivity of the 
monomer units selected for use in the reaction, and so forth. Any conventional or 
otherwise known termination technique appropriate for the selected reaction and 
reaction conditions may be used. For example, and most typically, after 
polymerization of the polymeric backbone by free radical polymerization, the 
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reaction mixture is heated to about 120OC for about 15 minutes to consume or react 
any remaining free radical initiator, and thereafter the reaction mixture is cooled or 
allowed to cool to room temperature to allow the reaction to self tenninate before 
addition of ingredients to start the second reaction step. 

In the second reaction step of the process of the present invention, the 
polymeric backbone described hereinabove is reacted with one or more 
copolymerizable monomers in the presence of a catalytic amount of a transition metal 
salt, preferably a Cu(I) salt and preferably complexed to a suitable ligand. In this 
reaction step, the or;ganic halide moieties act as initiators in the presence of the 
copolymerizable monomers and the catalyst, resulting in the grafting of the 
monomers onto the polymeric backbone by atom transfer free radical polymerization, 
the monomers forming a plurality of polymeric side chains covalentty bonded to and 
pendant from the backbone. The polymeric side chains form on the polymeric 
backbone without the need to use copolymerizable macromonomers to a achieve the 
pendant polymeric graft chains. 

The catalyst for the second reaction step is a transition metal salt, preferably a 
Cu(I) salt such as Cu(I) halide salts (CI, Fl, Br, I) and which is preferably complexed 
to a ligand which is suitable for solubilizing the Cu(I) salt in the reaction mixture, 
wherein the reaction mixture of the second reaction step comprises dissolved or 
partially dissolved polymer, unreacted monomer, solvent and catalyst. Preferred 
Ugands for use in solubilizing the Cu(I) salts in the reaction mixture are aprotic 
bidendates such as diphosphates, 2,2' bipyridyl, C1-C20 alkyl substituted bipyridyl 
and combinations thereof Most preferred is 2,2' bipyridyl complexed to a Cu(I) 
halide salt, especially Cu(I) CI. Other conventional or otherwise known ligands can 
be used herein provided that they do not substantially and unduly impair the 
polymerization reaction of the process herein, some examples of which are described 
in "The Use of Living Radical Polymerization to Synthesize Graft Copolymers" Dept. 
of Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania; Simion Cocoa 
and Krzysztof Matyjaszewski, Polymer Preprints, Vol. 37(1), pg. 571-572, 1996. 
"Alternating Copolymers of Methyl Acrylate with Isobutene and Isobutyl Vinyl Ether 
uang ATRP" Dept. of Chemistry, Carnegie Mellon University, Pittsburgh, 
Pennsylvania; Timothy e. Patten et al. Polymer Preprints, Vol. 37(1), pg. 573-574, 
1996., "Radical Polymerization yielding Polymers with Mw/Mn -1.05 by 
Homogeneous Atom Transfer Radical Polymerization" Carnegie Mellon University, 
Pittsburgh, Pennsylvania; T.E. Patten et al.Polymer Preprints, Vol. 37(1), pg. 575- 
576, 1996. "The Synthesis of End Functional Polymers by Living Radical 
Polymerization" Carnegie Mellon University, Pittsburgh, Pennsylvania, Y. Nakagawa 
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et al. Polymer Preprints, Vol. 37(1), pg. 577-578, 1996, which publications are 
incorporated herein by reference. 

Graft Polymers 

The process limitations of the present invention are especially usefUl for 
making hydrophobic or hydrophilic, film-forming polymers suitable for use in 
personal care compositions such as hair styling compositions. Graft polymers made 
in accordance with these process limitations typically have a low or reduced 
polydispersity and contmn reduced concentrations of polymer contaminants such as 
ungrafted polymeric backbone and/or unattached polymeric grafts or side chains once 
the two step reaction steps of the synthesis are complete. 

Graft polymers made in accordance with the synthesis method herdn are 
characterized by a hydrophilic or hydrophobic polymeric backbone with a plurality of 
hydrophobic or hydrophilic polymeric ade chains covalently bonded to and pendant 
from the polymeric backbone, wherein the polymeric backbone represents from about 
50% to about 99%, preferably fi-om about 60% to about 98%, more preferably from 
about 75% to about 95%, by weight of the graft polymer, and the plurality of 
polymeric side chains represent from about 1% to about 50%, preferably from about 
2% to about 40%, more preferably from about 5% to about 25%, by weight of the 
graft polymer. 

The polymeric side chains on the graft polymers have a wdght average 
molecular wdght of at least about 500 grams/mole, preferably from about 1,000 
grams/mole to about 200,000 grams/mole, more preferably from about 1,500 
grams/mole to about 30,000 grams/mole, most preferably from about 3,000 
grams/mole to about 25,000 grams/mole. These polymeric side chains may comprise 
monomer units arranged in an alternating, random, block or homopolymer 
configuration, and each of the polymeric side chains may comprise the same or 
different monomers, arranged in the same or different configuration. 

The graft polymers made in accordance with the synthesis method herein have 
a weight average molecular weight of from about 16,000 grams/mole to about 
10,000,000 grams/mole, preferably less than about 5,000,000 grams/mole, more 
preferably less than about 3,000,000. Most preferred are weight average molecular 
weights of from about 50,000 grams/mole to about 2,000,000 grams/mole, more 
preferably from s^out 75,000 grams/mole to about 1,000,000 grams/mole, and even 
more preferably from about 75,000 grams/mole to about 750,000 grams/mole. 

The graft polymers made in accordance with the synthesis inethod herein can 
have a single Tg value and preferably are copolymers having at least two distinct 
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inuniscible phases, wherein the polymeric side chains are closely assodated with each 
other and exist in one phase and the polymeric backbone of the copolymer remains in 
a second separate phase. A consequence of this phase immiscibility is that if the 
temperature separation between each of the Tg values involved is large enough then 
these copolymers exhibit two distinct glass transition temperatures , namely one Tg 
value for the backbone and one Tg value for the side chain. The copolymers can also 
exhibit a third glass transition temperature corresponding to any optional 
polysiloxane side chains on the graft copolymers. Whether such a third Tg value is 
observable depends upon a number of factors including the percent silicone in the 
copolymer, the number of polysiloxane side chains in the copolymer, the temperature 
separation between each of the Tg values involved, and other such physical factors. 

The graft polymers made in accordance with synthesis method herein also 
preferably have a polydispersity of less than about 10, preferably less than about 5, 
even more preferably less than about 4. 

Monomers suitable for use in the synthetic method herein can be hydrophilic 
or hydrophobic. In this context, the term "hydrophobic monomers " are those 
copolymerizable monomers which when reacted together form hydrophobic or water 
insoluble homopolymers, and the term "hydrophilic monomers" refers to those 
copolymerizable monomers which when reacted together form hydrophilic or water 
soluble homopolymers. 

Monomers suitable for use herein must be copolymerizable and have the 
requisite characteristics defined herein for use in the synthetic method. These 
copolymerizable monomers are preferably ethylenically unsaturated monomers, more 
preferably copolymerizable vinyl monomers. The term "copolymerizable" as used 
herein means that a material can be reacted with another material in accordance with 
the first and/or second polymerization reaction steps of the synthesis method herein, 
whichever is appropriate. The term "ethylenically unsaturated" as used herein refers 
to monomers that contain at least one polymerizable carbon-carbon double bond 
(which can be mono-, di-, tri-, or tetra-substituted). 

Such copolymerizable monomers include the copolymerizable organic halide- 
containing monomers described hereinbefore, and also includes the monomer units 
that are reacted with the organic halide-containing monomers in the first reaction step 
of the synthesis method, and also includes the monomer units that are reacted with 
the polymeric backbone in the second reaction step of the synthesis method. 

Copolymerizable monomers for use in the first and second reaction steps of 
the synthesis method may be the same, or may include combinations of two of more 
different but copolymerizable monomers, including combinations of hydrophilic and 
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hydrophobic monomers, combinations of copolymerizable monomers having different 
but select glass transition temperatures (Tg), combinations of polar and nonpolar 
monomers, and so forth, or combinations of two or more copolymerizable monomers 
from a single chemical class or otherwise ha\dng similar physical or chemical 
characteristics. The graft polymers may therefore comprise the same or different 
monomer units, and may therefore be classified as homopolymers, copolymers, 
terpolymers and so forth. 

Noniimiting classes of monomers useful herein include monomers selected 
from the group consisting of unsaturated alcohols, unsaturated monocarboxyiic adds, 
unsaturated dicaiboxylic acids, unsaturated anhydrides, alcohol esters of unsaturated 
monocarboxyiic acids, alcohol esters of unsaturated dicarboxylic acids, alcohol esters 
of unsaturated anhydrides, alkoxylated esters of unsaturated monocarboxyiic adds, 
alkoxylated esters of unsaturated dicarboxylic acids, alkoxylated esters of unsaturated 
ani^rdrides, aminoalkyl esters of unsaturated monocarboxyiic acids, aminoalkyl esters 
of unsaturated dicarboxylic acids, aminoalkyl esters of unsaturated anhydrides, 
amides of unsaturated monocarboxyiic acids, amides of unsaturated dicarboxylic 
acids, anudes of unsaturated anhydrides, salts of unsaturated monocarboxyiic adds, 
salts of unsaturated dicarboxylic acids, salts of unsaturated anhydrides, unsaturated 
hydrocarbons, unsaturated heterocycles, and mixtures thereof 

Representative examples of such monomers include acrylic acid (produced by 
hydrolysis of trimethylsilyl acrylate), methacrylic acid (produced by hydrolysis of 
trimethylsilyl methacrylate) , trimethylsilyl acrylate, trimethylsilyl methacrylate, 
acryiamide, aciylate alcohols produced by hydrolysis of trimethylsilyl protected 
alcohol, hydroxyethyl methacrylate, diallyldimethyl ammonium chloride, vinyl 
pyrrolidone, vinyl ethers (such as methyl vinyl ether), maldmides, wnyl pyridine, vinyl 
imidazole, other polar vinyl heterocyclics, st3frene sulfonate, allyl alcohol, vinyl 
alcohol (such as that produced by the hydrolysis of vinyl acetate after 
polymerization), vinyl caproiactam, methacrylic acid esters of Cj-Cig alcohols, such 
as methanol, ethanol, methoxy ethanol, 1-propanoI, 2-propanol, 1-butanol, 2-methyl- 
1-propanol, 1-pentanoi, 2-pentanol, 3-pentanol, 2-methyl- 1 -butanol, 1-methyl-l- 
butanol, 3-methyl- 1-butanol, 1 -methyl- 1-pentanol, 2-methyl- 1-pentanol, 3-methyl-l- 
pentanol, t-butanol(2-methyl-2-propanol), cyclohecanol, neodecanol, 2-ethyl-l- 
butanol, 3-heptanol, benzyl alcohol, 2-octanol, 6-methyl-l-heptanol, 2-ethyl-l- 
hexanol, 3,5-dimethyl-l-hexanol, 3,5,5-tri methyl- 1-hexanol, 1-decanol, 1-dodecanol, 
1-hexadecanol, 1-octa decanol, and the like, the alcohols having from about 1-18 
carbon atoms with the number of carbon atoms preferably being from about 1-12; 
dicyclopentenyl acrylate; 4-biphenyl acrylate; pentachlorophenyl acrylate; 3,5- 
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dimethyladamantyl acrylate; 3,S-dimethyladamentyl methacrylate; 4- 
metho^QTcaibonylphenyl methacrylate; trimethylsilyl acrylate, trimethylsilyl 
methacrylate; styrene; alkyl substituted styrenes including alpha-methylstyrene and t- 
butylstyrene; vinyl esters, including vinyl acetate, vinyl neononanoate, vinyl pivalate 
and vinyl propionate; vinyl chloride; vinylidene chloride; vinyl toluene; alkyl vinyl 
ethers, including isobutyl vinyl ether and s-butyl vinyl ether; butadiene; 
cyclohexadiene; bicycloheptadiene; 2,3-dicarboxylmethyl-l,6-hexadiene; ethylene; 
propylene; indene; norbornylene; P-pinene; a-pinene; salts of acids and amines listed 
above, and combinations thereof. The quatemized monomers can be quatemized 
either before or after the copolymerization with other monomers of the graft 
copolymer. 

Preferred monomers include acrylic acid (produced by hydrolysis of 
trimethylsilyl acrylate), methacrylic acid (produced by hydrolysis of trimethylsilyl 
methacrylate), vinyl pyrrolidone. acrylic or methacrylic add esters of Ci-Cig 
alcohols, trimethylsilyl acrylate, trimethylsilyl methacrylate, styrene, alpha- 
methylstyrene, t-butylstyrene, vinyl acetate, vinyl propionate, 2-methoxyethyl 
acrylate, 2-ethoxyethyl acrylate. n-butyl methacrylate, isobutyl methacrylate, t-butyl 
acrylate, t-butyl methacrylate, 2-ethylhexyl methacrylate, methyl methacrylate, and 
mixtures thereof 

The suitable copolymerizable monomers described herein are meant to include 
those corresponding copolymerizable monomers that are unsubstituted or substituted 
with one or more substituent groups, pro^aded that such groups do not unduly impair 
the polymerization reactions of the synthesis method. Examples of suitable 
substituent groups include, but are not limited to, alkyl, aryl, carboxyl, halo groups, 
and combinations thereof 

Specific examples of hydrophllic graft polymers made in accordance with the 
process limitations of the present invention include, but are not liituted to, 

Poly(2-methoxvethvl acrylate-co-methacrylic acid-co-tert-butyl acrvlate-co-4- 
chloromethyl styrene1-graft-poly(stvrene-co-methacrvlic acid) ; molecular 
weight of 150,000 grams/mole. Composition : 2-methoxyethyl acrylate 
(31.6%), methacrylic acid (22%), tert-butyl acrylate (28%) 4-chloromethyl 
styrene (0.4%), styrene (18%) 
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Polvf2-methoxvethvl acrvlate-co-methacrvlic acid-co-tert-butvl acrvlate-co-4- 

chloromethvl styrene)-graft-rpolyfstyrene-co-methacrylic 

acid'>:polyfdiiTiethvlsilo?cane')1: molecular wdght of 150,000 grams/mole, 
Composition : 2-methoxyethyl acrylate (26.6%), methacrylic acid (22%), tert- 
butyl acrylate (28%) 4-chloromethyl styrene (0.4%), poly(dimethsiloxane) 
macromonomer (molecular weight 10,000 grams/mole) (5%) styrene (18%). 

Polvft-butvl acrylate-co-2-methoxyethyl acrylate-co-acrylic acid-co-4- 
chloromethvl stvreneVgraft-Dolvriso-butvl methacrvlate-co-methacrvlic acid): 
molecular weight 80,000 grams/mole; Composition : t-butyl acrylate (22%), 
2-methoxyethyl acrylate (31%), aciylic acid (18%), 4-chlorometh^ styrene 
(1%), isobutyl methacrylate (15%), methacrylic acid (13%) 

Polv(vinvl acetatg-<?9-vinyl pyrQllidpne-co-chlorovinyl acetate)-graft- 

poty(styrene-co-methacrylic acid) : molecular weight 120,000 grams/mole; 
Composition : vinyl acetate (40%), vinyl pyrollidone (39%), chlorovinyl 
acetate (1%), isobutyl methacrylate (10%),dimthylaminoethyl methacrylate 
(10%). 

The hydrophilic graft polymers made in accordance with the synthesis 
methods herein may comprise acidic functionalities, such as carboxyl groups, and are 
usually used in at least partially neutralized form to promote solubility or 
dispersability of the polymer. In addition, use of the neutralized form aids in the 
ability of the hair styling compositions to be removed from the hair by shampooing. 
The extent of such neutralization ranges from about 10% to 100%, more preferably 
from about 20% to about 90%, even more preferably from about 40% to about 85%, 
neutralization of the acidic functionalities of the graft polymer. 

Neutralization of the hydrophilic graft polymers containing acidic 
functionalities may be accomplished by any conventional or otherwise known 
technique for affecting such neutralization by using an organic or inorganic base 
material. Metallic bases are particularly useful for this purpose. Suitable base 
neutralizers include, but are not limited to, ammonium hydroxides, alkali metal 
hydroxides, or an alkaline earth metal hydroxides, preferably potassium hydroxide 
and sodium hydroxide. Examples of other suitable neutralizing agents include, but 
are not limited to, amines or amino alcohols such as 2-amino-2-methyl-l,3- 
propanediol (AMPD), 2-amino-2-ethyl-l,3-propanediol (AEPD), 2-amino-2-methyl- 
1-propanol (AMP), 2-amino-l-butanol (AB), monoethanolamine (MEA), 
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diethanolamine (DEA), triethanolamine (TEA), monoisopropanolamine (MIPA), 
diisopropanolamine (DIP A), triisopropanolamine (TIP A) and dimethyl stearamine 
(DMS) and combinations tiiereof. Preferred are amines and metallic bases. 

Neutralization of hydrophilic polymers containing basic functionalities, e.g., 
amino groups, are likewise preferably at least partially neutralized with an organic or 
inorganic acid e.g., hydrogen chloride. Neutralization can be accomplished by any 
conventional or otherwise known technique for accomplishing such neutralization. 
The preferred extent of n^tralization is the same as that described for neutralization 
of acidic functionalities. Solubility for any neutralized graft polymer made in 
accordance with the synthesis method herein should be determined only after the 
desired acid or base neutralization. 

Specific examples of hydrophobic graft polymers made in accordance with 
the process limitations of the present invention include, but are not limited to, 

Poly(tert-bMtyl acrylate-co-2-ethylhexyl methacrylate-co-chloromethyl 

styreneVgraft-poly(n-butyl acrylate') : molecular weight 100,000 grams/mole; 
Composition; tert-butyl acrylate(54%), 2-ethylhexyl methacrylate (10%), 4- 
chloromethyl styrene (6%); n-butyl acrylate(30%) 

Polvrt-butvl acrvlate-co-2-meth oxvethvl acr vlate-co-4-chl oromethvl stvreneV 
graft-polyf styrene^: molecular weight 100,000 grams/mole; 
Composition : t-butyl acrylate (25%), 2-methoxyethyl acrylate (50%), 4- 
chloromethyl styrene (2%); styrene(23%) 

PolyCvinyl acetate-co-vinvl pyrollidone-co-chlorovinyl acetate')-graft-polv(2- 
ethylhexyl acrylate) : molecular weight 120,000 grams/mole; 




Composition : vinyl acetate (40%), vinyl pyrollidone (10%), chlorovinyl 
acetate (5%), 

2- ethylhexyl acrylate.(45%) 

Optional Silicone Grafts 

The process limitations of the present invention may further comprise the 
copolymerization of silicone macromonomers with other copolymerizable monomers 
described herein during the first reaction step of the synthesis method of the present 
invention, to thus form a polymeric backbone comprising one or more silicone- 
grafted side chains and a plurality of organic halide moieties attached to and pendent 
from the polymeric backbone. The resulting silicone grafted polymeric backbone is 
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then subjected to the second reaction step of the process as described hereinbefore, 
thus producing graft copolymers comprising a plurality of non^licone-containing 
poljoneric ade chains in combination with one or more siiicone-containing 
macromonomer grafts. 

The optional silicone macromonomer is grafted to or poljmierized into the 
polymeric backbone by any conventional or otherwise known method for making 
silicone graft copolymers. Most typically, these polymers are formed from the 
random copolymerization of vinyl or otherwise copolymerizable monomer units, 
some or all of which have attached organic halide moieties, and polysiloxane- 
containing macromonomer units communing a polymeric portion and a vinyl moiety 
copolymerizable \nth monomer units. Upon completion of polymerization, the 
nloxane polymeric portion of the macromonomer unit forms the polysiloxane ^de 
chains of the graft: copolymer. The other copolymerizable monomer units and the 
vinyl portion of the macromonomer units form the polymeric backbone. The 
copolymerizable monomer and the polysiloxane-containing macromonomer can be 
selected from a wide variety of structures as long as the copolymer has the required 
properties described herein, including having the attached organic halide moieties 
which act as initiators in the second reaction step of the synthesis method herein. 

Examples of related silicone graft copolymers, and methods of making them, 
are described in detail in U.S. Patent 4,693,935, Mazurek, issued September 15, 
1987, U.S. Patent 4,728,571, Clemens et al., issued March 1. 1988, both of which 
are incorporated herein by reference. Additional silicone grafted polymers are also 
disclosed in EPO Application 90307528.1, published as EPO Application 0 408 311 
A2 on January 11, 1991, Hayama, et al, U.S. Patent 5,061,481, issued October 29, 
1991, Suzuki et al., U.S. Patent 5,106,609, Bolich et al., issued April 21, 1992, U.S. 
Patent 5,100,658, Bolich et al., issued March 31. 1992, U.S. Patent 5,100,657, 
Ansher-Jackson, et al., issued March 31, 1992, U.S. Patent 5,104,646, Bolich et al., 
issued April 14, 1992, U.S. Serial No. 07/758,319, Bolich et al, filed August 27, 
1991, and U.S. Serial No. 07/758,320, Torgerson et al., filed August 27, 1991, which 
descriptions are incorporated herein by reference. 

The silicone graft copolymers made in accordance with the synthesis methods 
herein may comprise from zero to about 50%, preferably from about 2% to about 
40%, and more preferably from about 10% to about 30%, polysiloxane 
macromonomer units by weight of the graft polymer. 

The polysiloxane macromonomer units are copolymerizable with the other 
selected monomers for use in the first reaction step of the synthesis method, the 
polysiloxane macromonomers ha^nng a vinyl or other copolymerizable moiety for 
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reaction with the other selected monomer. Either a single type of polysiloxane 
macromonomer unit or combinations of two or more polysiloxane macromonomer 
units can be used in the first reaction step. In this context, the term 
"copolymerizable" means that the polysiloxane macromonomers can be reacted with 
the other selected monomers, including the organic halide-containing monomers, in 
accordance with the first reaction step of the synthesis method herein, which results 
in the requisite polymeric backbone for use in the second reaction step of the 
synthesis method herein. 

The polysiloxane macromonomers that are useful herein contain a polymeric 
portion and a copolymerizable moiety which is preferably an ethylenically unsaturated 
moiety. Typically, the preferred macromonomers are those that are endcapped with 
the ^nnyl moiety. By "endcapped" as used herein is meant that the vinyl moiety is at 
or near a terminal position of the macromonomer. 

The polysiloxane macromonomers can be synthesized using a variety of 
conventional or otherwise known synthetic techniques familiar to the polymer 
chemist of ordinary skill in the art. Furthermore, these polysiloxane macromonomers 
can be synthesized starting from commercially available polymers. Typically, the 
weight average molecular weight of the polysiloxane macromonomer for use in the 
first reaction step is fi'om about 1,000 grams/mole to about 50,000 grams/mole. 

Polysiloxane macromonomers suitable for use herein include those which 
conform to the general formula: 

X(Y)nSi(R)3.mZm 

wherein X is a \dnyl group copolymerizable with the vinyl monomer units; Y is a 
divalent linking group; each R is independently selected from the group consisting of 
hydrogen, hydroxyl, C1-C6 alkyl, C1-C6 alkoxy, C2-C6 alkylamino, styryl, phenyl, 
C1-C6 alkyl or alkoxy-substituted phenyl; Z is a monovalent siloxane polymeric 
moiety having a number average molecular weight of at least about 1000 and which 
is essentially unreactive under copolymerization conditions; n is an integer having a 
value of 0 or 1; and m is an integer having a value of from 1 to 3. The polysiloxane 
macromonomer has a weight average molecular weight from about 1,000 grams/mole 
to about 50,000 grams/mole, preferably from about 5,000 grams/mole to about 
30,000 grams/mole, more preferably from about 8,000 grams/mole to about 25,000 
grams/mole. 
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Preferably, the polysiloxane macromonomer has a formula selected &om the 
following formulas I-III 
(1) 

X— (CH2)8-Si(R1)3-m-2m 

01) 

X — C H2— (C H2)8-Si(Ri b-m-Zm 



(III) 



X-C-0-(CH2)q-(0)p-Si(Rl)3.mZ„ 

wherein s is an integer having a value of from 0 to 6; preferably 0, 1, or 2; more 
preferably 0 or 1; m is an integer having a value of from 1 to 3, preferably 1; p is an 
integer havdng a value of 0 or 1 ; q is an integer having a value of from 2 to 6; each 
is independently selected form the group consisting of hydrogen, hydroxyl, C1-C6 
alkyl, C1-C6 alkoxy, C2-C6 alkylamino, phenyl, C1-C6 alkyl or alkoxy-substituted 
phenyl, preferably C1-C6 alkyl, or C1-C6 alkyl or alkoxy-substituted phenyl, more 
preferably C1-C6 alkyl, even more preferably methyl, is selected from the group 
consisting of C1-C6 alkyl or C1-C6 alkyl substituted phenyl, preferably methyl; n is 
an integer having a value of from 0 to 4, preferably 0 or 1, more preferably 0; X is 

R3 — CH==C — 

wherein is hydrogen or -COOH, preferably is hydrogen; R*^ is hydrogen, 
methyl or -CH2COOH, preferably R^ is methyl; Z is 

" r6 " 
r5. _sio- — 

. R' . 

r 

wherein R^, r6, and R^, are independently selected from hydrogen, hydroxyl, C1-C6 
alkyl, C1-C6 alkoxy, C2-C6 alkylamino, styryl, phenyl, C1-C6 alkyl or alkoxy- 
substituted phenyl, hydrogen or hydroxyl, preferably R^, R^, and R'' are C1-C6 
alkyls; more preferably methyl; and r is an integer having a value of from about 14 to 
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about 700, preferably about 60 to about 400, and more preferably about 100 to about 

170. 

Personal Care Compositions 

The graft polymers made in accordance with the methods herein are especially 
useful when used as film-forming polymers in personal care compositions. Such 
compositions comprise the graft polymers made in accordance with the methods 
herein in combination with a suitable liquid carrier to dissolve or disperse, preferably 
dissolve, the graft polymer in the personal care compontion. 

The personal care compositions of the present invention include skin care 
compositions, styling or conditioning shampoo compositions, cosmetic compositions, 
or other similar compositions, many of which vdll further comprise one or more 
optional ingredients as described hereinafter. Preferred are hair care compositions 
such as conditioners, styling and/or conditioning shampoos, hair sprays, and styling 
mousses, tonics, gels or lotions. The film-forming graft polymer for use in such 
compositions, and which is made in accordance with the synthesis methods herein, 
provides the compositions with hair or skin conditioning performance or hair styling 
performance. The personal care compositions can be formulated as solids or liquids, 
single or multi-phase systems, emulsions, dispersions, solutions, gels, suspensions, or 
other formulation suitable for application to the skin or hair. 

The personal care compositions of the present invention comprise the graft 
polymers made in accordance with the methods herein, at concentrations effective to 
provide the desired film-forming properties. Such concentrations generally range 
from about 0.1% to about 15%, preferably from about 0.5% to about 15%, even 
more preferably from about 0.5% to about 8%. even more preferably from about 1% 
to about 8%, by weight of the personal care composition, wherein the concentration 
of the liquid carrier generally ranges from about 85% to about 99.9%, preferably 
from about 92% to about 99.5%, even more preferably from about 92% to about 
99%, by v^ght of the personal care composition 

The personal care compositions, especially when formulated as hair styling 
compositions, may be dispensed as sprayed or atomized liquids from pump spray or 
aerosol canisters. The aerosolized compositions comprise one or more conventional 
or otherwise known aerosol propellants. Suitable propellants include any liquifiable 
gas known or otherwise effective for use in this manner, examples of which include 
volatile hydrocarbon propellants such as liquified lower hydrocarbons having 3 or 4 
carbon atoms such as propane, butane, isobutane, or combinations thereof Other 
suitable propellants include hydrofluorocarbons such as 1,2-difluoroethane, and other 
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propellants such as dimethylether, nitrogen, carbon dio»de, nitrous oxide, 
atmospheric gas, and combinations thereof. Preferred are hydrocarbon propellants, 
particularly isobutane when used alone or in combination with other hydrocarbon 
propellants. Propellant concentrations should be sufFtcient to provide the desired 
delivery or application of the personal care composition to the hair or skin, which 
concentrations typically range from about 10% to about 60%, preferably from about 
15% to about 50%, by weight of the composition. 

Pressurized aerosol dispensers can also be used where the propellant is 
separated from contact with the hair styling composition, an example of which would 
be a two compartment canister available from the American National Can Corp. 
under the trade name SEPRO. Other suitable aerosol dispensers are those 
characterized by the propellant being compressed air which can be filled into the 
dispenser by means of a pump or equivalent device prior to use. Such dispensers are 
described in U.S. Patent 4,077,441, U.S. Patent 4,077.441 and U.S. Serial No. 
07/839,648, which descriptions are incorporated herein by reference. Conventional 
non-aerosol pump spray dispensers or atonuzers are also suitable for use herdn. 

A) Hydrophilic graft polymer compositions 

The personal care compositions of the present invention preferably comprise 
a hydrophilic graft polymer made in accordance with the synthesis methods herein, 
and which is used in combination with a hydrophilic or water soluble or miscible 
liquid carrier suitable for solubilizing or dispersing the hydrophilic graft polymer in 
the personal care composition. These preferred compositions are especially useful 
when used as hsur spray or other hsur styling compositions. 

Hydrophilic liquid carriers suitable for use herein include, but are not limited 
to, water, ethanol, /?-propanoI, isopropanol, and combinations thereof, preferably a 
combination of an alcohol and water wherein the water content of the composition 
ranges from about 0.5% to about 99%, preferably from about 0.5% to about 50%, 
by weight of the composition, and the alcohol content ranges from about 0.5% to 
about 99%, preferably from about 50% to about 95%. by weight of the composition. 

The hydrophilic graft polymers preferably have at least two distinct glass 
transntion temperatures (Tg), the first of which is associated with, the polymeric 
backbone and the second of which is associated with the plurality of polymeric side 
chains attached thereto. The polymeric backbone preferably has a Tg value of less 
than about 35 ^C, more preferably less than about 25°C, even more preferably less 
than about 10°C, wherein the plurality of polymeric side chains have a Tg value 
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preferably greater than about 50°C, more preferably greater than about 60 °C, even 
more preferably greater than about 70OC. 

Other suitable hydrophilic graft polymers made in accordance with the 
methods herein include those having a Tg value for the polymeric backbone of 
greater than about 30 OC, more preferably greater than about 40°C, even more 
preferably greater than about 50° C, wherein the plurality of poljmieric side chains 
have a Tg value preferably of less than about IQOC, more preferably less than about 
0 OC, even more preferably less than about -20^C. 

These personal care compositions, especially when formulated as hair spray 
compositions, preferably contain reduced concentrations of volatile organic 
compounds, including volatile organic solvents. In this context, the volatile organic 
compounds or solvents are those organic compounds or solvents that contain less 
than 12 carbon atoms or have a vapor pressure greater than 0.1mm of mercury. 
Water concentrations in these preferred compositions are typically at least about 
10% by weight of the composition, preferably from about 10% to about 50% by 
weight of the composition, wherein the concentration of the volatile organic 
compound or solvent is typically less than about 90%, preferably from about 20% to 
about 80%, more preferably from about 40% to about 70%, even more preferably 
from about 40% to about 60%, by weight of the composition. 

B) HydrQphQbiff graft pplymer gompositions 

Another embodiment of the personal care compositions of the present 
invention are those which comprise a hydrophobic graft polymer made in accordance 
with the sjmthesis methods herein, in combination with a hydrophobic or water 
insoluble liquid carrier suitable for solubilizing or dispersing or otherwise carrying the 
hydrophobic graft polymer in the persona! care composition. These embodiments are 
especially useful when used as hair or skin conditioning compositions, some 
nonlimiting examples of which include skin care compositions, conditioning 
shampoos, and hair conditioners. 

Suitable hydrophobic liquid carriers for the hydrophobic graft polymers 
include hydrophobic, volatile, liquids such as volatile branched chain hydrocarbons, 
silicones and combinations thereof The concentration of such liquid carriers in the 
composition preferably range from about 0.1% to about 75%, more preferably fi-om 
about 0.2% to about 25%, and even more preferably from about 0.5% to about 15%, 
by weight of the composition, wherein the weight ratio of hydrophobic graft polymer 
to the hydrophobic liquid carrier is generally from about 1:100 to about 5:1, 
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preferably from about 1:10 to about 1:1, more preferably from about 1:8 to about 
2:3. 

The hydrophobic liquid carrier is preferably a volatile liquid which exhibits a 
significant vapor pressure at ambient conditions (e.g., 1 atmosphere, 25°C). In this 
context, the term "volatile" refers to solvents or liquid carriers having a boiling point 
at one atmosphere of 260°C or less, preferably 250°C or less, more preferably 230°C 
or less, most preferably 225°C or less. In addition, the boiling point of the 
hydrophobic liquid carrier will generally be at least about 50°C, preferably at least 
about 100°C. The term "nonvolatile" as used in this context refers to solvents or 
liquid carriers which have a boiling point at one atmosphere of greater than ZSO'C 

The hydrophobic graft polymer is preferably soluble in the selected 
hydrophobic liquid carrier. In this context, the term "soluble" refers to the solubility 
of the hydrophobic graft polymer in the hydrophobic liquid carrier at 2S°C at a 
concentration of 0.1%, preferably at 1%, more preferably at 5%, most preferably at 
15%, by weight of the hydrophobic liquid carrier. 

Preferred hydrophobic liquid carriers include hydrophobic, volatile, branched 
chain hydrocarbons, preferably saturated hydrocarbons, which contain from about 10 
to about 16, preferably from about 12 to about 16, most preferably firom about 12 to 
about 14, carbon atoms. Examples of such preferred branched chain hydrocarbons 
include isoparaffins of the above chain sizes. Isoparaffins are commercially available 
from Exxon Chemical Co.; examples include Isopar™ H and K (C11-C12 
isoparaffins), and Isopar™ L (Ci 1-C13 isoparaftins). Other suitable branched chain 
hydrocarbons are isododecane and isohexadecane. Isododecane is preferred and is 
commercially available fi^om Preperse, Inc. (South Plsdnfield, NJ, USA) as 
Permethyr™ 99A. 

Preferred hydrophobic silicone carriers include hydrophobic, volatile siloxanes 
(such as phenyl pentamethyl disiloxane, phenylethyl pentamethyl disiloxane, 
hexamethyl disiloxane, methoxypropyl heptamethyl cyclotetrasiloxane, chloropropyl 
pentamethyl disiloxane, hydroxypropyl pentamethyl disiloxane, cyclomethicones, 
including octamethyl cyclotetrasiloxane and decamethyi cyclopentasiloxane), and 
mixtures thereof Preferred hydrophobic silicone solvents are cyclomethicones, more 
preferably octamethyl cyclotetrasiloxane and decamethyi cyclopentasiloxane. 

It is understood that the hydrophobic liquid carriers can be used in 
combination with the hydrophiiic liquid carriers in the personal care compositions, 
and that the hydrophobic graft polymers can likewise be used in combination with the 
hydrophiiic graft polymers in the personal care composition. Such combinations are 
suitable for use in the personal care composition provided that they are physically and 
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chemically compatible vdth the selected ingredients in the composition, and do not 
otherwise substantially and unduly impair product performance. 

Optional Ingredients 

The personal care compositions described herein may further comprise one or 
more optional ingredients known or otherwise effective for use in hair styling 
compositions or other personal care compositions. These optional ingredients may 
be used to improve or otherwise modify aesthetics, performance or stability of the 
hair styling compositions. Concentrations of such options ingredients will vary with 
the type of material added and its intended performance, but will typically and 
collectively range fix>m about 0.005% to about 50%, more typically from about 
0.05% to about 30% by weight of the composition. 

Plasticizers for the graft copolymer are especially useful in the personal care 
compositions herein. Suhable plasticizers include any known or otherwise effective 
plasticizer suitable for use in hair care or other personal care compositions, 
nonlimiting examples of which include glycerin, diisobutyl adipate, butyl stearate, 
propylene glycol, tri-C2-C8 alkyl citrates, including triethyl citrate and tri-propyl, - 
butyl, -pentyl, etc., analogs of triethyl citrate. Triethyl citrate is preferred. 

Plasticizers are typically used at levels of from about 0.01% to about 10%, by 
weight of the composition, preferably from about 0.05% to about 3%, more 
preferably from about 0.05% to about 1%. Preferably, the weight ratio of graft 
polymer to the plasticizer is from about 1 : 1 to about 40: 1, preferably from about 2:1 
to about 30:1, more preferably from about 3 : 1 to about 25 : 1 . 

Other optional ingredients include an effective amount of a non-surface active 
ionic strength modifier system for reducing the viscosity of the personal care 
composition, especially when formulated as a hair spray composition. Preferred 
concentrations range from at least about 0.01%, by weight of the composition. The 
upper limit is dependent upon the maximum amount of the ionic strength modifiers 
that can be present in the particular compositions hereof such that the hair setting 
resin remains solubilized or dispersed. As will be understood by those skilled in the 
art, as the ionic strength of the composition is increased, the resin will eventually fall 
out of solution, or otherwise no longer remain solubilized or dispersed in the 
hydrophilic liquid carrier. The upper limit of the ionic strength modifier system level 
will vary depending upon the particular ionic strength modifiers, liquid vetucle, resin, 
and other ingredients present in the composition. Thus, for example, the maximum 
amount of the ionic strength modifiers that can be used will tend to be lower for 
compositions with liquid vehicles containing less water, compared to compositions 



wo 98/51261 



PCT/IB98/00753 



21 

with more water. Concentrations of the optional ionic strength modifier are typically 
range from about 0.01% to about 4%, preferably from about 0.01% to about 2%, 
more preferably from about 0.01% to about 0. 1%, by weight of the composition 

The optional ionic strength modifier system comprises a mixture of 
monomeric cations and anions. The ions of the ionic strength modifier system hereof 
are non-surface active, i.e. they do not significantly reduce surface tension. For 
purposes hereof, non-surface active shall mean the ions, which at a 0.5% aqueous 
solution concentration, reduce surface tension by no more than 5.0 dynes/cm^. 
Generally, the ions of the ionic strength modifier system hereof will be characterized 
by ha^ng, at maximum, four or less carbon atoms per charge, preferably two or less 
carbon atoms, in any aliphatic chtun or strught or branched chain organic 
heterochain. 

The optional ionic strength modifier system comprises monomeric ions of the 
type which are products of acid-base reactions. Thus, basic and acidic ions OH' and 
H"*" do not constitute part of the ionic strength modifier system hereof, although they 
may be present in the composition. The ions hereof are incorporated into the 
composition in a form such that they can exist in the composition as free ions, i.e., in 
dissociated form. It is not necessary that all of the ions added exist in the 
composition as free ions, but must be at least partially soluble or dissociated in the 
composition. The ionic strength modifiers can be incorporated into the hair styling 
compositions, for example, by addition of soluble salts, or by addition of mixtures of 
acids and bases, or by a combination thereof It is a necessary aspect of the invention 
that both anions and cations of the ionic strength modifier system be included in the 
composition. 

Nonlimiting examples of suitable optional cations for use in the compositions 
are alkali metals, such as lithium, sodium, and potassium, and alkaline-earth metals, 
such as magnesium, calcium, and strontium. Preferred of the divalent cations is 
magnesium. Preferred monovalent metal ions are lithium, sodium, and potassium, 
more preferably sodium and potassium. Suitable means of addition to the 
compositions hereof include, for example, addition as bases, e.g., hydroxides, sodium 
hydroxide and potassium hydroxide, and such as salts that are soluble in the liquid 
carrier, e.g. salts of monomeric anions such as those described below. Other 
nonlimiting examples of suitable cations include organic ions, such as quaternary 
ammonium ions and cationic amines, such as ammonium mono-, di-, and 
triethanolamines, triethylamine, morpholine, aminomethylpropanol (AMP), 
aminoethylpropanediol, etc. Ammonium and the amines are preferably provdded in 
the forms of sahs, such as hydrochloride salts. 
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Monomeric anions that can be used include halogen ions, such as chloride, 
fluoride, bromide, and iodide, particulariy chloride, sulfate, ethyl sulfate, methyl 
sulfate, (^clohexyl sulfamate, ttuosulfate, toluene sulfonate, xylene sulfonate, citrate, 
nitrate, bicarbonate, adipate, succinate, saccharinate, benzoate, lactate, borate, 
isethionate, tartrate, and other monomeric anions that can exist in dissociated form in 
the hair styling composition. The anions can be added to the compositions hereof, 
for example, in the form of acids or salts which are at least partially soluble in the 
liquid vehicle, e.g., sodium or potassium salts of acetate, citrate, nitrate, chloride, 
sulfate, etc. Preferably, such salts are entirely soluble in the vehicle. 

The use of optional ionic strength modifiers are especially use&l in reduced 
volatile organic solvent compoations. 

Other optional ingredients include surfactants (which may be anionic, 
cationic, amphoteric, or zwitterionic and which include fluorinated surfactants and 
silicone copolyols), propellants, hair conditioning agents (e.g., silicone fluids, fatty 
esters, fatty alcohols, long chain hydrocarbons, cationic surfactants, etc.); emollients; 
lubricants and penetrants such as various lanolin compounds; protein hydrolysates 
and other protein derivatives; ethylene adducts and polyoxyethylene cholesterol; 
dyes, tints, bleaches, reducing agents and other colorants; pH adjusting agents; 
sunscreens; preservatives; thickening agents (e.g. polymeric thickeners, such as 
xanthan gum); and perfume. 

M ethPd Q f Use 

The personal care compositions of the present invention are used in 
conventional ways to provide the desired personal care benefit. For hair spray or 
other hair styling compositions, the composition is used in a conventional way to 
provided the desired hair styling/liolding benefits of the present invention, which 
typically involves application of an effective amount of the composition to dry, 
slightly damp, or wet hair before and/or after the hair is arranged to a desired style. 
The composition is then dried or allowed to dry onto the applied sur&ce. 

The term "effective amount" as used in this context means an amount of the 
personal care composition or hair styling composition sufficient to provide the 
desired benefit. In the case of hair spray and other hair styling compositions, an 
effective amount of the composition is applied to the hair to provide the hold and 
style benefits desired considering the length and texture of the h^. In general, from 
about 0.5g to about 30g of such hair spray or other hair styling composition will be 
applied to the hair, depending upon the particular product formulation, dispenser 
type, length of hair, type of hair style, and so forth. 
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EXAMPLES 

The following non-limiting examples illustrate specific embodiments of the 
process limitations of the present invention, graft polymers made in accordance with 
such process limitations, and hair styling and other personal care compositions 
comprising these graft polymers. It is understood, however, that various additions or 
modifications of the specific exemplified embodiments can be made without departing 
from the spirit and scope of the invention. It is intended to cover, in the appended 
claims, all such modifications that are within the scope of the subject invention. 

Example 1 

The hydrophilic graft polymers l.I and 1.2 described in the following example 
are prepared in accordance with the process limitations of the present invention. 
Specific embodiments of such process limitations are described for each of the 
hydrophilic graft polymers. 

Graft Polymer 1.1 

Poly(2-methoxyethyl acrylate-co-methacrylic acid-co-tert-butyl acrylate-co-4- 
chloromethyl styrene)-graft-poly(styrene-co-methacrylic acid) 

Into an argon purged round-bottomed-flask equipped v^th mechanical stirring 
and a reflux condenser, is added butyl acetate (IL), trimethylsilytmethacrylate (18.4g, 
0.116 mole), tert-butylacrylate (27.2g, 0.212 mole), 2-methoxyethyl acrylate (31.4g, 
0.241mole), and chloromethyl styrene (0.4g, 0.003 mole). The solution is heated to 
60°C then initiated with AIBN (azobisisobutyronitrile) (Og, 0.006 mole) and allowed 
to undergo free radical polymerization for 10 hours. The resulting solution is then 
heated to 100°C and allowed to cool. When the solution reaches ambient 
temperature, trimethylsilylmethacrylate (22.0g, 0.139 mole), styrene (IS.Og, 
0.173mole), 2,2'-dipyridyl (1.4g, 0.009 mole), and Cu(I)Cl (0.3g, 0.003 mole) are 
added. The solution is then heated to 120°C with stirring for 6 hours. The solution 
is then cooled to ambient temperature and catalyst is removed via vacuum filtration. 
The filtrate is diluted with acetone (200 ml) and water (10 ml) and stirred for 2 hours. 
The resulting solution is precipitated into hexanes and the graft polymer collected and 
dried. 
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Graft Polymer 1.2 

Poly(2-methoxyethyl acrylate-co-methacrylic acid-co-tert-butyl acrylate-co-4- 
chloromethyl styrene)-graft-[poly(styrene-co-methacrylic acid); poly 
((fimethylsiloxane)] 

Into an argon purged round-bottomed-flask equipped with mechanical stirring 
and a reflux condenser, is added butyl acetate (IL), trimethylsilyl methacrylate 
(18.4g, 0.116 mole), tert-butylacrylate (27.2g, 0.212 mole), 2-methoxyethyl aciylate 
(26.4g, 0.203 mole), polydimethylsiloxane macromonomer (molecular weight 
10,000)(available from Chisso Corp., Tokyo, Japan) (5g), and chloromethyl styrene 
(0.4g, 0.003 mole). The solution is heated to 6(^0 then initiated mth AIBN (l.Og, 
0.006 mole) and allowed to undergo free radical polymerization for 10 hours. The 
resulting solution is then heated to 100°C then allowed to cool. When solution 
reaches ambient temperature, trimethylsilylmethacrylate (22. Og, 0.139 mole), styrene 
(18.0g, 0.1 73 mole), 2,2'-dipyridyl (1.4g, 0.009 mole), and Cu(l)Cl (0.3g, 0.003 
mole) are added. The solution is heated to 120°C with stirring for 6h. The solution 
is then cooled to ambient temperature and catalyst is removed via vacuum filtration. 
Filtrate is diluted with acetone (200 ml) and water (10 ml) and stirred for 2 hours. 
The resulting solution is precipitated into hexanes and the graft polymer collected and 
dried. 

Example 2 

The hydrophobic graft polymer 2.0 described in the following example is 
prepared in accordance with the process limitations of the present invention. 
Specific embodiments of such process limitations are described for each of the 
hydrophobic gr^ polymers. 

Graft Polvmer 20 

Polv(tert-butv l acrvlate-co-2-ethvlhexvl methacrvlate-co-chloromethvl stvreneVeraft- 

pgly(n-butyl acrylatc) 

Into an argon purged round-bottomed-flask equipped with mechanical stirring 
and a reflux condenser, is added butyl acetate (IL), tert-butyl acrylate (54 g, 0.417 
mole), 2-ethylhexyl methacrylate (lOg, 0.050 mole), and chloromethyl styrene (6g, 
0.039 mole). The solution is heated to 60 OC and then initiated with AIBN (0.6g, 
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0.004 mole) and allowed to undergo free radical polymerization for 12 liours. The 
resulting solution is the heated to lOO^C then allowed to cool. When solution 
reaches ambient temperature, n-butyl acrylate (30g, 0.211 mole), 2,2'-dipyridyl 
(18.3g, 0.117 mole), and Cu(I)Cl (3.9g, 0.039 mole) are added. The solution is 
heated to 120°C with stirring for 6 hours. The solution is then cooled to ambient 
temperature and catalyst is removed via vacuum filtration. The filtrate is diluted with 
acetone (200 ml) and water (10 ml) and stirred for 2 hours. The resulting solution is 
precipitated into hexanes and the graft polymer collected and dried. 



Examples 3-10 

The following Examples 3-10 represent nonaerosol hair spray embodiments 
of the compositions of the present invention. 



Example No. 
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0.40 




1.20 




1.35 


1.00 




0.70 




0.10 


0.15 


0.10 


0.15 


0.10 


0.10 




O.IO 


79.40 


69.26 


78.00 


55.00 


QSIO 


QSIO 


QSIO 


QSIO 


0 


0 


0 


0 



2 Sodium hydroxide is 30% active. 

3 Potassium hydroxide is 45% active. 
4SDA40 (100% ethanol). 
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Examples 11-16 

The following Examples 11-16 represent aerosol hair spray embodiments of 
the compositions of the present invention. 



E) ^amplQ Np, 

Component (wt%) 1 1 

Graft copolymer 1 . 1 5.00 
Graft copolymer 1.2 
Isododecane^ 0.50 
Triethyl citrate2 

Diisobutyl adipate 0.70 
Propylene glycol 

Sodium hydroxide^ 1.00 
Potas»um hydroxide^ — 
Perfume O.IO 
Sodium Benzoate 0. 1 0 

EthanolS 56.69 
Propellant - isobutane 
Propellant - n-butane 10.00 
Propellant - dimethyl 10.00 
ether^ 

PropeUant - - 
Hydrofluorocarbon 152a^ 
Water QSlOO QSlOO QSlOO QSlOO QSlOO QSlOO 

1 PERMETHYL 99A, from Presperse, Inc., South Plainfield, NJ, USA. 

2 CITROFLEX-2, from Morflex, Inc., Greensboro, NC, USA. 

3 Sodium hydroxide is 30% active. 

^ Potassium hydroxide is 45% active. 
5SDA40(100%ethanol). 

6 DYMEL - A, from Dupont. 

7 DYMEL-152a, from Dupont. 

Each of the exemplified personal care compositions (Examples 3-16) are hair 
spray or hair styling embodiments of the compositions of the present invention, and 
comprise graft polymer as a styling or film-forming polymer made in accordance with 
the synthetic methods of the present invention. Each of the compositions may be 
formulated by conventional or otherwise known formulation and mixing techniques. 
For example, each of the graft polymers is first mixed with the ethanol, neutralizing 



12 13 14 
4.00 3.50 



0.21 
0.30 



4.00 3.00 4.00 
0.50 



0.40 0.25 0.35 



1.0 

0.94 1.20 1.04 — 1.20 
0.10 0.10 0.10 0.10 0.10 
0.10 ~ 0.10 0.20 
57.42 72.0 50.0 30.00 54.5 
7.02 15.00 10.00 
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the polymer with sodium or potassium hydroxide, then adding sequentially (as 
applicable) with mixing, isododecane, plasticizer, perfume, and water. If sodium 
benzoate is used, it is added after water addition. Most preferably a premix of water 
and sodium benzoate is made and then added after the main water addition. 
Propellants for aerosol compositions are charged to conventional aerosol containers 
after the remsunder of the prepared composition has been added. 

EXAMPLE 17 

The following represents a hair styling gel embodiment of the composition of 
the present invention. 



Ingredients Weight % 

Graft copolymer 1.2 2.50 

Water QS 100% 

Carbomer 940 0.50 

Sodium Hydroxide Solution (30% by weight) 0.80 

Panthenol 0.05 

Polysorbate 80 0.20 

Perfume 0.20 



This product is prepared by dispersing graft copolymer and carbomer 940 in 
water and adding sodium hydroxide. The mixture is stirred for about 0.5 hour before 
adding the remaining ingredients. 

EXAMPLE 18 

The following represents a spray-on gel embodiment of the composition of 
the present invention. 



Ingredients Weight % 

Water Q.S. tolOO% 

Ethanol 15.00 

Panthenol 0.05 

Potassium Hydroxide Solution (45% by weight) 0. 50 

Perfume 0.20 

Graft copolymer 1.1 2.00 



This composition is prepared by dissolving the graft copolymer 1.1 in ethanol 
and then adding water and potassium hydroxide solution to facilitate the 
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incorporation of the copolymer into tlie solvent. The mixture is stirred for about 0.5 
hour before adding the remaining ingredients. 



EXAMPLE 19 

The following represents a hair styling mousse embodiment of the 



composition of the present invention. 

Ingredients Wei ght % 

Water Q.S. to 100 % 
Lauramine Oxide 0.20 
Panthenol O.OS 
Perfume 0.05 
Copolymer 1.2 3.00 
Sodium Hydroxide Solution (30% by weight) 1 .00 

Isobutane 7.00 



This composition is prepared by dissolving the graft copolymer 1.2 in water 
and then adding sodium hydroxide solution with mixing for about 0.5 hour. The 
other ingredients, except isobutane, are added and mixed for an additional 10 
minutes. Aluminum aerosol cans are then filled with 93 parts of this batch, affixed 
with a valve which is crimped into position, and lastly pressure filled vwth 7 parts 
Isobutane. This composition is useful for application to the hur to pro^nde 
conditioning, styling and hold. 

EXAMPLE 20 

The following example represents a topical sun screen embodiment of the 



composition of the present invention. 

Ingredients Weight % 

Water QSlOO 

Carbomer 1342[11 0.16 

Octyl Methoxycinnamate 0.50 

Dimethicone copolyol 0.10 

Tocopheryl Acetate 0.10 

Sodium Hydroxide (30% sol. by weight) 1 .50 

Ethanol 40.00 

Copolymer 1 .2 4.00 



[^1 Available as Carbopol® 1342 from B.F. Goodrich. 
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The water, ethanol, sodium hydroxide solution and polymer 4 are mixed for 
one half hour. The remaining ingredients are added and mixed for an additional half 
hour. 



This composition is prepared by combining and mixing the graft copolymer 
1.2 and water, ethanol, sodium hydroxide solution . The remaning ingredients are 
then added to the mixture. 



EXAMPLE 21 

The following example represents a topical skin care embodiment of the 



composition of the present invention. 

Ingredients Weight % 
Graft copolymer 1.2 2.00 

Water Q.S.tolOO% 

Ethanol (SDA 40) 40.00 
Carfaomer 940 0.75 
Sodium Hydroxide Solution (30% by weight) 0.90 
Salicylic Acid 2.00 



The composition is prepared by mixing water, ethanol, graft copolymer, and 
carbomer together for about 10 minutes. The remaining ingredients are added and 
the mixture is stirred for an additional 30 minutes. This composition is usefiil for 
application to the skin to provide improved water resistance and is usefiil in treating 
acne. 



EXAMPLE 22 

The following example represents a nail polish embodiment of the composition of 
the present invention. The composition is prepared by combining and mixing all of 
the listed ingredients until uniformly dispersed throughout the composition. 



Ingredients Weight % 

Graft copolymer 1. 1 15.00 

Ethanol 42.00 

Acetone 40.00 
NaOH soln.. 30% 3.00 



wo 98/51261 



PCT/IB98/00753 



30 

E?(AMPLE23 

The following example represents a topical skin care embodiment of the 
composition of the present invention. The topical composition is intended for use in 
treating, preventing or otherwise reducing the appearance of wrinkles on human skin. 
The composition is prepared by combining and mixing all of the listed ingredients 
until uniformly dispersed throughout the composition. 



In gredients Weight % 
Graft copolymer 1.1 6.00 
NaOH soln., 30% 2.10 
DRO Water (purified by double reverse osmosis) q.s. 



EXAMPLE 24 

The following example represents a hair styling lotion embodiment of the 
composition of the present invention. The graft copolymer is dissolved in ethanol 
and then added and mixed with the remaining ingredients until uniformly dispersed 
throughout the composition. 



Ingredients 


Weight % 


Graft copolymer 1.1 


4.00 


Natrosol 250HH1 


0.50 


NaOH soln.. 30% 


1.35 


Kathon CG 


0.03 


Ethanol 


8.00 


DRO water 


q.s. 



1 Natrosol 250HH-Hydroxyethylcellulose offered by Aqualon. 



EXAMPLE 25 

The following example represents an aftershave embodiment of the 
composition of the present invention. The composition is prepared by combining and 
mixing all of the listed ingredients until uniformly dispersed throughout the 
compoation. 



Ingredients Wg'ght % 

Graft copolymer 1.2 2.00 

NaOH soln., 30% 0.60 

Ethanol 50.00 
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Perfume 0.20 
Menthol 0.20 
DRO water q.s. 



Examples 26-28 

The follovnng examples represent hair styling/conditioning rinse embodiments 
of the compositions of the present invention. 

Example No. 
_26 27 M 



Water 


q.s. 


q.S. 


q.s. 


Citric Add 


0.02 


0.02 


0.02 


Sodium Citrate 


0.09 


0.09 


0.10 


Cetyl Alcohol 


0.12 


0.12 


0.12 


Stearyl Alcohol 


0.08 


0.08 


0.08 


Natrosol Plus CS Grade 


1.02 


1.00 


0.99 


Xanthan Gum^ 


0.25 


0.25 


0.25 


Styling PolyiTier Premix 








Graft polymer 2.0 


1.75 


1.75 


1.75 


Permetltyl 99A 


8.54 


8.54 


8.54 


Trimethylsiloxysilicate 


0.11 


0.11 


0.11 


Kathon CG 


0.03 


0.03 


0.03 


Perfume 


0.33 


0.33 


0.33 



Silicon^ Prgmix 



DRO Water 


9.48 


9.48 


8.57 


Adogen 470 4 


0.70 


0.60 


0.93 


Adogen471 5 


0.05 


0.15 


0.07 


Decamethyl cyclopentasiloxane/ 








Polydimethyl Siloxane Gum^ 


1.67 


1.67 


2.33 


Triethylsilyl Araodimethicone 








(Dow Coming Q2-8220) 


0.10 


0.10 


0.10 



Surfactant Prepiix 

DRO Water 5.70 5.70 5.70 

Stearalkonium Chloride 0.30 0.30 0.30 



^Hydrophobically modified hydroxyethyl cellulose from Aqualon Corp. 
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^Readily dispersible xantham gum 

3SE-76 gum available From General Electric 

'^Ditallow dimethyl ammonium chloride, Sherex Chemical Co., Dublin, Ohio, USA; 75% 
aqueous solution 

^Tallow trimethyl ammonium chloride, Sherex Chemical Co.; 50% aqueous solution. 

Each of the exemplified compositions are prepared as follows. A silicone 
premix is prepared by combining and mixing (in a separate vessel ) water, Adogen 
470 and Adogen 471 at 850C. Cool to 710C and add the silicone gum/decamethyl 
cydopentasiloxane solution and amodimethicone and mix until homogeneous. Cool 
to 38°C while using a homogenizer (such as Tekmar). Prepare the surfactant premix 
by combining and mixing (in a second and separate vessel) water and Stearalkonium 
Chloride at 38<>C. Prepare the conditioner premix by combining and mixing (in a 
third and separate vessel) DRO water heated to 71°C, citric acid, sodium citrate, 
cetyl alcohol, stearyl alcohol and Natrosol Plus CS grade D-67, and until uniformly 
dispersed, and then add xanthan gum and mix until uniformly dispersed. Prepare the 
styling polymer premix by combining and mixing the graft polymer, permethyl 99A, 
and Trimethylsiloxysilicate until a unifonn mixture is obtained. 

Combine and mix the styling polymer premix, Kathon CG and perfume until 
homogeneous. Further dispersed v^rith an in-line homogenizer (such as Tekmar 
homogenizer) and then cool the mixture to 38°C. Complete the conditioner by 
adding the conditioner premix, the silicone premix and the surfactant premix at 38°C. 
Mix until homogeneous, then cool the composition to 25 °C. 

When the compositions defined in Examples 26-28 are applied to hair in the 
conventional manner, they provide effective hair conditioning and styling/hold 
benefits without leaving the hair with a sticky/stiff feel. 

E XAMPI.E29 
Pqlymer Premix with added Drying Aid 

Ingredients Weight % 



Graft copolymer 2.0 16.83 
Permethyl 99A 82.17 
Trimethylsiloxysilicate 1 .00 

This polymer premix is prepared by adding the graft copolymer to the solvents while 
mfacing. The mixture is heated to between 80°C and 84°C in a covered vessel while 
mixing, and then cooled to between 23''C and 2TC before adding 
trimethylsiloxysilicate while mixing. 



wo 98/51261 



PCT/IB98/00753 



EXAMPLE 30 



Polymer Premix with added Drying Aid 



Weight % 



Graft copolymer 2.0 1 5.00 

Isododecane 83.50 
Polydimethyisiloxane 2 1.50 
2polydimethylsiloxane, Dow Corning, Dow Corning 200 Fluid (20 csk) 

This polymer premix is prepared by adding the graft copolymer to the solvents while 
mixing. The mixture is heated to between 80°C and 84°C in a covered vessel while 
mixing, and then cooled to between 23 °C and 27°C before adding 
trim^hylsiloxysilicate while mixing. 



EXAMPLE 31 

The following example represents a hair conditioning embodiment of the 
composition of the present invention. 



Weicht% 



Styling Agent Premix 

Graft copolymer Premix of Example 30 



Silicons Prefix 
Silicone gum, GE SE76^ 
Octamethyl cyclotetrasiloxane 



0.30 
1.70 



0.30 
1.70 



Main Mix 
Water 

Cetyl Alcohol 
Quatemium 18^ 
Stearyl Alcohol 
Hydroxethyl Cellulose 
Cetyl Hydroxyethyl Cellulose^ 
1.25 

Ceteareth-20 
Fragrance 



QSlOO 

1.00 

0.85 

0.70 

0.50 



0.35 
0.20 



QSlOO 
0.85 
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Dimethicone copolyol 0.20 — 

Citric Acid 0.13 0.13 
Methylchloroisothiazolinone (and) 

methylisothiazolinone 0.04 0.04 

Sodium Chloride 0.01 0.01 

Xanthan Gum — 
0.20 



Each of the compositions is prepared by comixing all the Main Mix 
ingredients, heating the resulting mixture to about 60°C with mixing. The heated 
mixture is then cooled to about 45°C with colloid milling (Example A) or mixing 
(Example B). At this temperature, the two premixes are added separately with 
moderate agitation and the resulting conditioner is allowed to cool to room 
temperature. This composition is useful as a rinse off hair conditioner. 
^ Commercially available from General Electric. 
^ Dimethyl Di(Hydrogenated Tallow) Ammonium Chloride 
^ Commercially available as Polysurf D-67 from Aqualon. 



EXAMPLE 32 

The following example represent a shampoo embodiment of the composition 
of the present invention. 



Ingredients Weight % 
Stvling Agent 

Copolymer Premix from Example 30 1 5.00 
Premix 

Silicone gum 0.50 

Dimethicone, 350 cs fluid 0.50 

Main Mix 

Water QSlOO 

Ammonium lauryl sulfate 1 1.00 

Cocamide MEA 2.00 

Ethylene glycol distearate 1.00 

Xanthan Gum 1.20 
Methylchloroisothiazolinone (and) 
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methylisothiazolinone 0.04 

Citric Acid to pH 4.5 as needed 

The Main Mix is prepared by first dissolving xanthan gum in water with 
conventional mixing. The remaining Main Mix ingredients are added and the Main 
Mix is heated to 150°F with agitation for about 0.5 hour. The Styling Agent and the 
Prenux are then added sequentially with about 10 minutes of agitation between 
additions, and the entire mixture is stirred while the batch is cooled to room 
temperature. For varied particle size, the Styling Agent and Premix can be added at 
different times using either or both high shear mixing (high speed dispersator) or 
normal agitation. This shampoo composition is useful for cleansing the hair and for 
providing a styling benefit. 
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What is claimed is: 

1. Personal care compositions comprising 

(a) from 0.1% to 15% by weight of a graft polymer made in accordance with 
the follovynng process steps: 

(i) reacting copolymerizable monomers to form an organic polymeric 
backbone having a weight average molecular weight of from 15,000 
grams/mole to 9,800,000 grams/mole and a plurality of organic halide 
moieties covalantly bonded to and pendant from the polymeric backbone; 
and then 

(ii) reacting copolymerizable monomers with the organic halide moieties 
of the polymeric backbone by atom transfer free radical polymerization in 
the presence of a catalytic amount of a Cu(I) salt to form a plurality of 
polymeric ade chains covalently bonded to and pendant from the 
polymeric backbone, the polymeric side chains having an average 
molecular weight of from 500 grams/mole to 200,000 grams/mole; 
wherein the polymeric backbone and the plurality of polymeric side chiuns 
form graft polymers having a weight average molecular weight of from 
16,000 grams/mole to 10,000,000 grams/mole; and 

(b) from 0.1% to 99.9% by weight ofa liquid carrier. 

2. The composition of Claim 1 wherein the graft polymer is hydrophilic and the 
liquid carrier is selected from the group consisting of water, ethanol, n-propanol, 
isopropanol, and combinations thereof 

3. The composition of any one of the preceding Claims wherein the Cu(I) salts are 
selected from the group consisting of Cu(I)Br, Cu(I)Cl, Cu(I)I, Cu(I) thiocyanate, 
and combinations thereof, and wherein the reaction of step (a) is free radical 
polymerization of the copolymerizable monomers. 
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4. The composition of any one of the preceding Claims wherein the Cu(I) salt is in 
the form of a ligand complex, wherein the ligand is an aprotic bidendate selected from 
the group consisting of 2,2' dipyridyl, diphosphates, 4,4'-di-5-nonyl-2,2'-bipyridine, 
4,4'-di-tert-butylbipyridine, 4,4'-diheptyl-2,2'-bipyridine, and combinations thereof 

5. The composition of any one of the preceding claims wherein the copolymerizable 
monomers of step (a) comprise an organic halide-containing vinyl monomer and a 
second monomer selected from the group consisting of acrylic acid produced by 
hydrolysis of trimethylsilyl aciylate, methaciylic acid produced by hydrolysis of 
trimethylsUy! methacrylate, vinyl pyrrolidone, acrylic add esters of Ci-Cig alcohols, 
methacrylic acid esters of Ci-Cjg alcohols, trimethylsilyl acrylate, trimethylsilyl 
methacrylate, styrene, alpha-methylstyrene, t-butylstyrene, \dnyl acetate, vinyl 
propionate, 2-methoxyethyl acrylate, 2-ethoxyethyl acrylate, n-butyl methacrylate, 
isobutyl methacrylate, t-butyl aciylate, t-butyl methacrylate, 2-ethylhexyl 
methacrylate, methyl methacrylate, salts thereof, and mixtures thereof 

6. The composition of Claim 5 wherein the organic halide-containing vinyl 
monomer of step (a) is selected from the group consisting of 



(0 



CH2=C— CH-X 
R2 



(11) 
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R 



O 



(IV) 



R-CH- 




(V) 



CH2=CH — O— R*— X 
and combinations thereof, wherein R is methyl or hydrogen; X is a halogen atom; R, 
r1 and R^ are each independently methyl, hydrogen or methoxy; and R'^ is an alkyl 
group having from 1 to 8 carbon atoms. 

7. The composition of any one of the preceding claims wherein the polymeric 
backbone represents &om 50% to 99% by weight of the graft polymer, and the 
plurality of polymeric side chains represent firom 1% to 50% by weight of the graft 
polymer. 

8. The composition of any one of Claims 1, 2, 3 or 4 wherein the graft polymer has 
a polymeric backbone having a Tg value of less than 10°C and a plurality of 
polymeric side chains having a Tg value greater than 70°C. 

9. The composition of any one of Claims 1, 2, 3 or 4 wherein the graft polymer has 
a polymeric backbone havdng a Tg value greater than 50°C and a plurality of 
polymeric side chains having a Tg value less than -20°C. 
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10. The composition of any one of Claims 1, 2, 3 or 4 wherein the graft polym^ is 
hydrophobic and the liquid carrier comprises a hydrophobic liquid carrier selected 
from the group consisting of volatile branched chain hydrocarbons having from 12 to 
16 carbon atoms, liquid silicone carriers, and combinations thereof, wherein the liquid 
silicone carriers are selected from the group consisting of phenyl pentamethyl 
disiloxane, phenylethyl pentamethyl disiloxane, hexamethyl disiloxane, 
methoxypropyl heptamethyl cyclotetrasiloxane, chloropropyl pentamethyl disiloxane, 
hydroxypropyl pentamethyl disiloxane, cyclomethicones, including octamethyl 
cyclotetra»loxane, decamethyl cyclopentasiloxane, and nuxtures thereof. 
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TOUGHENED GRAFTED POLYMERS 
TECHNICAL FIELD 
The present invention relates to tougtiened grafted polymers. 

BACKGROUND OF THE INVENTION 
5 Cosmetic compositions such as lotions, creams, emulsions, packs, make-up (e.g., 

foundations, lipsticks, eye shadows and the like) and hair compositions are used to improve 
one's outward appearance. Many personal care products contain various resins, gums, and 
adhesive polymers. The pofymers are used for a variety of purposes including thickening, 
feel properties, film-forming ability, active deposition, active penetration, hair holding, etc. 
0 Consequently there is constsmtly a search for developing polymers having unproved 
properties fbr use in personal care product For example, the desire to have the han- retain 
a particular shape is widely held. The most common methodology for accomplishing this is 
the applk:ation of a styling composition to dampened hair, after shampooing and/or 
conditioning, or to dry, styled hair. These compositions provide temporary setting benefits 
5 and they can be removed by water or by shampooing. The materials used in the 
compositions to provide the setting benefits have generally been resins and have been 
applied in the form of mousses, gels, lotions or sprays. 

Many people desire a high level of style retention, or hold, from a hair spray 
composition, in typical hair sprays, hold is achieved by the use of resins, such as 
0 AMPHOMER®, supplied by National Starch and Chemical Company, and GANTREZ® SP 
225, supplied by GAF. in general, as hair hold fbr hair spray compositions is increased, the 
tactile feel of the hair becomes stiffer and hence, less desirable. It is desirable to provide 
hair spray products which could provide an improved combination of hair hold and hair feel 
characteristics. 

5 Recently, it has become known to utilize silicone grafted organic backbone 

polymers in various personal care compositions including their use as hair setting agents in 
hairspray compositions and other hair styling compositions, e.g. hair tonics, lotions, rinses, 
mousses, etc. Silicone grafted polymers can be used to make personal care compositions 
with improved feet, e.g., in the case of hair sprays, increased softness relative to 

0 conventional polymeric hair setting agents. 

It remains desirable to improve the perfbnnance of grafted polymers. It is an object 
of this invention to provkle toughened graft copolymers which can be used in, fbr example, 
personal care composittons. 

It is a further object of this inventton to provide toughened graft copolymers that 

5 have improved adhesive and cohesive properties and low creep at high humWity thereby 
provMing improved style durability benefits. 
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These and other benefits as may be apparent from the description below can be 
obtained by the present invention. 

The present compositions can comprise, consist of, or consist essentially of any of 
the required or optional Ingredients and/or limitations described herein. 
5 All percentages and ratios are calculated on a weight basis unless otherwise 

indicated. All percentages are calculated based upon the total composition unless othenwise 
indicatad. 

All ingredient levels refer to the active level of that ingredient, and are exclusive of 
solvents, by-products, or other Impurities that may be present in commercially available 
10 sources, unless othenmse indicated. 

SUMMARY OF THE INVENTION 
The present invention relates to an adhesive copolymer, said copolymer being 
characterized by an organic polymeric backbone wherein said backbone has a Tg of from 
about O'C to about 45''C wherein said copolymer comprises one or more side chains grafted 
15 thereon consisting of acrylic and methacrylic monomer units wherein each of said side 
chains has a Tg of greater than about 50°C - 200°C wherein the number average molecular 
weight of said side chain is greater than about 1000. 

By adhesive polymer what is meant is that when applied as a solution to a surface 
and dried, the polymer forms a film or a weld. Such a film will have adhesive and cohesive 
20 strength, as is understood tiy those skilled in the art. 

DETAILED DESCRIPTION OF THE INVENTION 
The essential components of the present invention are described beiow. Also 
included is a nonexclusive description of various optional and preferred componente useful 
in embodiments of the present invention. 
25 Grafted Adhesive Polymer 

The grafted polymers are characterized by acrylic and methacrylic monomer units 
covadently bonded to and pendant from a polymeric carbon-based backbone. 

The backbone will preferably be a carbon chain derived from polymerization of 
ethylenically unsaturated monomers and wherein said backbone has a Tg of from about 0°C 
30 to about 45° C. 

The grafted polymer should have a weight average molecular weight of at least 
about 20,000. There is no upper limit for molecular weight except that which limits 
applicability of the invention for practical reasons, such as processing, aesthetic 
characteristics, formulateabllity, etc. In general, the weight average molecular weight will be 
35 less than about 10,000,000, more generally less than about 5,000.000, and typically less 
than about 3,000,000. Preferably, the weight average molecular weight will be between 
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about 50,000 and about 2,000,000, more preferably between about 75,000 and about 
1,000,000, most preferably between about 80,000 and about 750,000. 

The term "graft copolymers" is familiar to one of ordinary skill in polymer science and 
is used herein to describe the copolymers which result by adding or "grafting" polymeric side 
5 chain moieties (i.e. "grafts") onto another polymeric moiety refenred to as the "backbone". 
The backbone typically has a higher molecular weight than the grafts. Thus, graft 
copojynmrs can be described as polymers having pendant polymeric side chains, and as 
being formed from the "grafting" or incorporation of polymeric side chains onto or into a 
polymer backbone. The polymer backbone can be a homopolymer or a copolymer. The 

1 0 graft copolymers are derived from a variety of monomer units. 

The graft polymers made in accordance with the methods herein can have a single 
Tg and prefsrably are copolymers having at least two distinct immidble phases, wherein the 
polymeric skle chains are closely associated with each other and exist in one phase and 
polymeric backbone of the copolymer remains in a second separate phase. A consequence 

15 of this phase immiscibility is that If the temperature separation between each of the Tg's 
values involved is large enough then these copolymers exhibit two distinct Tg's, namely one 
Tg value for the backbone and one Tg value for the skle chain. The tenti Tg means glass 
transition temperature, which is familiar to one of ordinary skill in the art The copolymers 
can also «(hibit a third glass transition temperature oonBsponding to any optional 

20 poiysikixane side chains on the graft copolymers. Whether such a third Tg value is 
observable depends upon a number of factors including the percent silicone in the 
copolymer, the number of polysiloxane side chains in the copolymer, the temperature 
separaticn between each of the Tg's values involved, and ottier such physkal factors. 
Backbone Vinvl Monomer Units : 

25 The copolymers of the present invention comprise from about 50% to about 98%, 

preferably fipom about 60% to about 95%, and more preferably from about 70% to about 90% 
by weight of the backbone vinyl monomer unite. 

The backbone vinyl monomer unit is selected from copolymerizable monomers, 
preferably ethylenk»ily unsaturated monomers. The monomers are selected to meet the 

30 requirements of the copolymer. By "copolymerizable", as used herein, is meant that the 
vinyl monomer can be reacted with or polymerized with the acrylic or methacrylic 
macromonomers in a polymerizatnn reaction using one or more conventkmal synthetic 
technkiues, such as Ionic, emulsion, dispersion, Ziegler-Natta, free radnal, group transfer or 
step growth poiymerlzatkjn. In the present invention, monomers and macromonomers that 

35 are copolymerizable using conventional free radical initiated techniques are preferred. The 
temi "ethylenk:ally unsaturated" is used herein to mean a material that contains at least one 
polymerizable carbon-carbon double bond, which can be mono-, di-, tri- or tetra-substituted. 
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The monomer units can be derived from hydrophilic monomers (typically polar 
monomers), or mixtures of such hydrophilic monomers with hydrophobic monomers 
(typically low polarity monomers), provided that the solubility characteristics of the overall 
copolymer is achieved. As used herein, "hydrophilic monomers" means monomers which 
S fbmn homopolymers which are substantially water soluble; "hydrophobic monomei^" means 
monomers which form substantially water insoluble homopolymers. 

PrefiBrred monomers include unsaturated alcohols, unsaturated monocartsoxylic acids, 
unsaturated dicarboxyiic acids, unsaturated anhydrides, alcohol esters of unsaturated 
monocarboxyiic adds, alcohol esters of unsaturated dicarboxyiic adds, alcohol esters of 

10 unsaturated anhydrides, allcoxylated esters of unsaturated monocarboxyiic acids, 
alkoxylated esters of unsaturated dicarboxyiic adds, alkoxylated esters of unsaturated 
anhydrides, aminoalkyi esters of unsaturated monocarboxyiic adds, aminoallcyi esters of 
unsaturated dicarboxyiic acids, aminoalkyi esters of unsaturated anhydrides, amides of 
unsaturated monocarboxyiic adds, amides of unsaturated dicarboxyiic adds, amides of 

IS unsaturated anhydrides, salts of unsaturated monocariraxylic adds, salts of unsaturated 
dicartx)xylic acids, salts of unsaturated anhydrides, unsaturated hydrocartx)ns, unsaturated 
heterocydes, and mixtures thereof. 

More preferred monomer units are selected finom the group consisting of acrylk: add, 
methacryllc acid. N.N-dimethyi acryiamlde, dimethylaminoethyi methacrylate, quatemized 

20 dimethylaminoethyi methacrylate, vinyl pyrrolidone, C-\-C^q alkyi esters of acrylk: or 
methacryllc add , styrene, alpha-methylstyrene, t-butylstyrene, vinyl acetate, vinyl 
propkjnate, vinyl chloride, vinylWene chtoride. vinyl toluene, 2-methoxyethyl acrylate, n-butyl 
methacrylate, isobutyl methacrylate, t-butyl acrylate, t-butyl methacrylate, 2-ethylhexyl 
methacrylate, methyl methacrylate, salts of any acids and amines listed above, and 

25 combinations thereof. 

Most preferred monomer units of said backbone (i) selected firom the group 
consisting of acrylic acid, methacrylk: acM, 2-methoxyethyl acrylate, n-butyl methacrylate, 
isobutyl methaaylate. t-butyl acrylate, t-butyl methacrylate, 2-ethylhexyl methacrylate, 
methyl methacrylate and mixtures thereof.. 

30 The backbone has a Tg of from about 0" C to about 45' C. preferably from about 0" 

C to about C, and most preferably from about 0° C to about 25° C. 
Acn/lic and Methacrvlic Acid Macromonomer Side Chain Units 

The copolymers of the present invention comprise from about 2% to about 50%, 
preferably from about 5% to about 40%, and more preferably from about 10% to gbout 30%, 

35 by weight of the copolymer of acrylic and methacryllc macromonomer side chain unjts. 

The macromonomer units are copolymerizable with the vinyl nronomers, said 
macromonomers preferably having a vinyl moiety. Either a single type of macromonomer 
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unit or combinations or two or more macromonomer units can be utilized herein. The 
macromonomers are selected to meet the requirements of the copolymer. By 
"copolymerizable", as used herein, is meant that the macromonomers can be reacted with or 
polymerized with the vinyl monomers in a polymerization reaction using one or more 
5 conventional synthetic techniques, as described above. 

The macrcmonomers that are useful herein contain a polymeric portion and a 
copolyermizable moiety which is preferably an ethylenically unsaturated moiety. Typically, 
the preferred macromonomers are those that are endcapped with the vinyl moiety. By 
"endcapped" as used herein is meant that the vinyl moiety is at or near a terminal position of 

10 the macromonomer. 

The macromonomers can be synthesized utilizing a variety of standard synthetic 
procedures liamiliar to the polymer chemist of ordinary skill in the art. Furthermore, these 
macromonomers can be synthesized starting from commercisrily-available polymers. 
Typically, the weight average molecular weight of the macromonomer is firom about 1000 to 

15 about 50.000. 

Prefenred macronmnomers are poly(acrylate) and polymethacrylale) 
macromonomers. Macromonomers are exemplified by the general formula: 
[l]n-[Wlm-E 

wherein I is an optionally present initiator (i.e. n - 0 or 1), W is a monomer unit, E is an 

20 endcapping group, and m is an integer from about 1 0 to about 2000. 

I is an optionally present chemical initiator moiety. Without being limited by theory, I 
can be derived from a chemical inittator or solvent used in the synthesis of the 
macronnonomer. Nonlimiting examples of such initiators from which I can be derived include 
hydrogen ion, hydrogen radical, hydride ion, hydroxide ion, hydroxyl radical, peroxide 

25 radical, peroxide anion, C1-C20 carbocations, C1-C20 carbanions, C1-C20 carbon radicals, 
C1-C20 aliphatic and aromatic alkoxy anions, ammonium Ion, and substituted ammonium 
ions (e.g., C.j-C2o a'ky' and C1-C20 alkoxy substituted), and mixtures thereof. I can be 
derived from any useful solvent, nonlimiting examples of which include water, methanol, 
ethanol, propanol, isopropanol, acetone, hexane, dkshtoromethane, chloroform, benzene, 

30 toluene, and mixtures thereof. 

W is selected fivm the group consisting of an acrylic ackj monomer unit, a 
methacrylic ackl monomer unit and mixtures thereof. Nonlimiting classes of such monomers 
include CfCis straight and branched chain acrytate esters and Ci-Cfg straight and 
branched chain methacrylate esters, and mixtures thereof. 

35 Preferably the monomer units of the side chains are selected from the group 

consisting of acrylic acid (produced by hydrolysis of trimethylsilyt acrylate), methacrylic acid 
(produced by hydrolysis of trimethylsilyl methacrylate). phenyl methacrylate, benzyl 
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methacrylate, and C1-C18 alkyi esters of acrylic or methacrylic acid and mixtures thereof. 
More preferably, the monomer units are selected from the group consisting acrylic acid 
(preferably produced by hydrolysis of trimethylsiiyi acrylate), methacrylic acid (preferably 
produced by hydrolysis of trimethylsiiyi acrylate), n-propyl methacrylate, iso-butyl 
methacrylate. tert-butyl acrylate. tert-butyl methacrylate, 2-hydroxyethyl methacrylate 
(produced by hydrolysis of trimethylsiiyi protected alcohol). 2-hydroxypropyl methacrylate 
(produced by hydrolysis of trimethylsiiyi protected alcohol). Most preferred are nranomer 
units of selected from the group consisting of acrylic acid (preferably produced by hydrolysis 
of trimethylsiiyi acrylate), methacrylic acid (preferably produced by hydrolysis of trimethylsiiyi 
methacrylate), n-propyl methacrylate, iso-butyl methacrylate and mixtures thereof. 

Each side chain has a Tg of firom about SO'C to about 200<'C, preferably of from 
about eO'C to about 1 SO'C and most preferably of from about 70°C to about 1 1 CC. 

Optionally, the adhesive copolymers can further comprise one or more polysiloxane 
macromonomer side chains exemplified by the general fisrmula: 
X(Y)nSi(R)3.„,Zm 

wherein X is a vinyl group copolymerizable with the vinyl monomer units; Y is a divalent 
linking group; each R is independently selected from the group consisting of hydrogen, 
hydroxy!, C^-Cg alkyi, C^-Cg alkoxy, Cj-Cg alkylamino, phenyl, C^-Cg alkyI or alkoxy- 
substituted phenyl; Z is a monovafent siloxane polymeric moiety having a number average 
nwlecular weight of at least about 1000, is essentially unreactive under copdymerization 
condittons, and is pendant from the vinyl polymeric backbone described above; n is 0 or 1; 
and m is an integer from 1 to 3. The polysitoxane macromonomer has a weight average 
molecular weight from about 1000 to about 50,000, preferably fIrom about 5.000 to about 
30,000, more preferably fi-om about 8,000 to about 25,000. 

Preferably, the polysiloxane macromonomer has a formula selected from the folkiwing 
formulas: 

X— O"^— (Ch<2)s-Si(Ri)3^2;„ 

or 

X-CH2— (CH2)8-SI(Ri)3.m-Z„ 



X-C-0-(CH2)q-(0)p-Si(Rl)3.mZn, 
In these structures s is an integer from 0 to 6; preferably 0, 1 , or 2; more preferably 0 or 1 ; m 
35 is an integer from 1 to 3, preferably 1; p is 0 or 1; q is an integer from 2 to 6; each R"* is 
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independently selected form the group consisting of hydrogen, hydroxyl. C1-C6 alkyi, C1-C6 
alkoxy, C2-C6 alkylamino, phenyl, C1-C6 alkyt or aikoxy-substltuted phenyl, preferably C1- 
C6 alkyI, or C1-C6 alkyI or alkoxy-substituted phenyl, more preferably C1-C6 alkyi, even 
more preferably methyl, r2 is selected from the group consisting of C1-C6 alkyI or C1-C6 
5 alkyi substituted phenyl, preferably methyl. 

n is an integer from 0 to 4, preferably 0 or 1 , more preferably 0; X is 

I I 
r3 r4 

10 wherein r3 Is hydrogen or -COOH, preferably r3 is hydrogen; R* is hydrogen, methyl or - 
CH2CCX>H, preferably is methyl; Z is 
r6 

I 

R5.(.Si-0-)n 
15 I 

r7 

wherein r5. r6 and R^, are independently selected from hydrogen, hydroxyl, C1-C6 alkyI, 
C1-C6 alkooxy, C2-C6 alkylamino. phenyl, C1-C6 aikyi or alkoxy-substituted phenyl, 
hydrosfen or hydroxyl, preferably R^, r6, and R^ are C1-C6 alkyls; more preferably methyl; 
20 and r is an Integer of finom about 14 to about 700. preferably about 60 to about 400. and 
more preferably about 100 to about 350. 

Exemplary grafted polymers for use in the present invention include the following, 
where the composition is given as weight part of monomer used in the synthesis: 

0) poly(t-butyl acrylate-co-2-methoxyethyl acrylate-co-methacrylic acid)-graft- 
25 poiy (n-propyl methacrylate-co-methacryllc acid) 

MWt of copolymer: 149,900 
Backbone: 80 % 

Backbone Composition: t-butyl acrylate (53%), 2-methoxyethyl acrylate 

(36%), methacrylic acM (11%) 
30 Macromonomer side chains: 20% 

Macromonomer sMe chains Composition: n-propyl methacrylate (65%); 

methacrylic acid (35%) 

Macromonomer skle chains MWt: 6,000 
(ii) poly(t-butyl acrylate-co-2-methoxyethyl acrylate-co-methacrylic acid)-graft- 
35 poly (iso-butyl methacrylate-co-methacrylic acid) 

MWt of copolymer 55.000 

Backbone: 80 % 
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Backbone Composition: t-butyl acrylate (53%), 2-methoxyethyl acrylate 
(36%), methacrylic acid (11%) 
Macromonomer side chains: 20% 

Macromonomer side chains Composition: iso-butyl methacrylate (65%); 
5 methacrylic add (35%) 

MWt of Macromonomer side chains: 8,000 
(ill) poly(t-butyl acrylate-co-2-methoxyethyl acrylate-co-acryiic acid)-gra1l-{poly 
(n-propyl methacrylate-co-methacryiic acid); poly(dimethylsiloxane)] 
MWt of copolymer 83,000 
10 Backbone: 77 % 

Backbone Compositnn: t-butyl acrylate (43%), 2-methaxyethyl acrylate 

(38%),acryKcacki(18%) 

Macromonomer side chains: 17% 

Macromonomer side chains Composition: n-propyl methacrylate (60%); 
1 5 methacrylic acid (40%) 

MWt of IMacromoncmer side chains: 6,000 

Poly(dimethylsitoxane) macromonomer sMe chains: 6% 

MWtof poiy(dimethylsik)xane): 10.000 
(Hi) poly(t-butyl acrylate-co-2-methoxyethyl acrylate-co-acryNc acid)-graft-[poly 
20 (n-propyi methacrylate-co-methaciyiic acki); poly(dimethylsiloxane)] 

MWtofcopolymenso.OOO 

Backbone: 77 % 

Backbone Compositk>n: t-butyl acrylate (43%), 2-methoxyethyl acrylate 
(38%), acrylic acid (18%) 
25 Macromonomer side chains: 20% 

Macromonomer side chains Composition: n-propyl methacrylate (60%); 
methacrylic acid (40%) 
MWt of Macromonomer side chains: 10,000 
Poly(dlmethylsiloxane) macromonomer side chains: 3% 
30 MWt of poiy(dlmethylsik)xane): 1 0,000 

The copolymers of the present invention are prepared by the polymerization 
combinatk>n of vinyl monomers and macromonomers. The copolymers can be synthesized 
by free radical polymerization of the monomers and macromonomers. The general 
principles of free radical polymerization methods are well understood. Se§, for example, 
35 Odian, "Principles of Polymerization", 3rd edition, John Wiley & Sons, 1991, pp. 198-334, 
incorporated by reference herein. The desired vinyl monomers and macromonomers are all 
placed in a reactor, atong with a sufficient amount of a mutual solvent so that when the 
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reaction is complete the viscosity of the reaction is reasonable. Undesired terminators, 
especially oxygen, are removed as needed. This can be done by evacuatton or by purging 
with an inert gas, such as argon or nitrogen. The initiator is introduced and the reaction 
brought to the temperature needed for initiation to occur, assuming thermal initiators are 
5 used. Altemativeiy, redox or radiation initiation can be used. The polymerization is allowed 
to proceed as long as needed for a high level of conversion to be achieved, typically from a 
few hours to a few days. The solvent is then removed, usually by evaporation or by 
precipitating the copolymer by addition of a nonsolvent. The copolymer can be further 
purified, as desired. 

0 As an altemative to a batch reacfon. the copolymer can be made by a semi- 

continuous or continuous process. In the semi-continuous process, two or more additions of 
monomers or macromonomers are made during the polymerization reaction. This is 
advantageous when the copolymer is made of several monomers which react during the 
polymerization at different rates. The proportions of monomers added to the reaction at the 

5 separate points of addition can be adjusted by one of ordinary skill in the art such that the 
polymers of the final product have a more unifomi structure. In other words, the polymers of 
the final product will have a more consistent monomer content distribution for each of the 
monomer types charged to the reaction. 

The copolymers are prepared by the polymerization combination of vinyl monomers 

0 and macromonomers. The copolymer composition is characterized by the amount of each 
monomer charged to the polymerization reaction vessel, or alternatively used in a 
continuous or semi-continuous process. 

By appropriate selection and combination of the particular vinyl monomer units and 
macromonomer units, and by the choice of specific relative ratios of the units well within the 

5 ability of one of ordinary skill in the art, the copolymers can be optimized for various physical 
properties and for compatibility with other ingredients commonly used in hair care 
appiicatlQns. 

As is be clear to one skilled in the art the copolymer may have one or more side 
chains grafted to the backbone. In addition, the polymers of the present invention can be 

0 used alone or In addition to the copolymer, low levels of the corresponding copolymers 
having no sMe chains grafted to the backbone. As known in the art, synthetic graft 
copolymerizatksn processes may produce a mixture of polymer molecules containing none, 
one, or more than one side chains covalently bonded to and pendant from the polymeric 
backbone. From knowledge of the amount and number average molecular weight of side 

5 chains in a polymer sample, and the number average molecular weight of the polymer 
sample, it is possible to calculate the average number of side chains per polymer backbone. 
Optional Components 
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The copolymers of the present invention can be formulated into personal care 
compositions, or any other composition in which an adhesive polymer may be useful such 
as adhesive tapes, glues, and the like. Personal care compositions comprise from about 
0.1% to about 99%, preferably from 0.5% to about 50%, more preferably from about 1% to 
5 about 10%, by weight of the composition, of the grafted polymer and from about 0.1% to 
about 99.9%, preferably from about 0.5% to about 99.0% and most preferably from about 
1.0% to about 99.9% of a suitable personal care canier. Solvents are preferably selected 
from the group consisting of water, ethanol, n-propanol, isopropanol, and mixtures thereof. 
The polymers are soluble at a concentration of at least about 0.1 nmgMiL. preierabiy at least 

1 0 about 0.5 mg/mL, and more preferably at least about 1 mg/mL, at about 25''C. 

The graft polymers made in accordance with the synthesis methods herein may 
have acidic functionaHties, such as carboxyl groups, and are usually used in at least partially 
neutralized form to promote solubility/dispensability of the polymer, in addition, use of the 
neutralized form aids in the ability of the hair styling compositions to be removed from the 

15 hair by shampooing. The extent of such neutralization ranges from about 10% to 100%, 
more preferably from about 20% to about 90%, even more preferat)iy from about 40% to 
about 85%, neutralization of the acidic functionalities of the graft polymer. 

Neutralization of the graft polymers containing acidic functionalities may be 
accomplished by any conventlonai or othenvise known technique for effecting such 

20 neutralization of by using an organic or inorganic base material. Metallic bases are 
particularly useful for this purpose. Suitable base neutralizers include, but are not limited to, 
ammonium hydroxides, alkali metal hydroxkles, or an alkaline earth metal hydroxides, 
preferably potassium hydroxide and sodium hydroxide. Examples of other suitable 
neutralizing agents include, but are not limited to, amines or amino akx>hols such as 2- 

25 amino-2-methyl-1,3-propanediol (AMPD), 2-amino-2-ethyI-1,3-ropanediol (AEPD), 2-amino- 
2-methyl-1-pn)p«nol (AMP). 2-amino-1-butanol (AB), monoethanolamine (MEA). 
diethanolamine (DEA), triethanolamine (TEA), monoisopropanoiamine (MlPA). 
dUsopropeHiolamine (DlPA), triisopropanolamine (TlPA) and dimethyl stearamine (DMS). 
Preferred are amines and metallic bases. 

30 Neutralizatton of graft polymers containing bask: functkinalities, e.g., amino groups, 

are likewise preferably at least partially neutralized witii an organic or inoigank: acki e.g., 
hydrogen chtoride. Neutralization can be accomplished by any conventtonal or othenvise 
known technique for accomplishing such neutralization. The preferred extent of 
neutralization is the same as that described for neutralization of acidic functionalities. 

35 SolubHity for any neutralized graft polymers made in accordance with the method herein 
should be detennined only after the desired acid or base neutralizatton. 
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The solvents that are present in hair care compositions are at a level of from about 
80% to atraut 99%, preferably from about 85% to about 98%, more preferably from about 
90% to about 95% of the total composition. 

The solvents essentia! to such compositions are selected from the group consisting 
5 of v/ater, C2-C3 monohydric alkanols, and mixtures thereof. If present, C3 alkanols, such as 
isopropanol, should be used at levels no greater than about 15% by weight of the 
composition, preferably no greater than about 12%, more preferably no greater than about 
10%. High levels of C3 monohydric alcohols are undesirable in the present compositions 
due to potential odor issues they can create. Preferred polar solvent phases contain water, 
10 ethanol. or mixtures thereof. 

Where water and alcohol mixtures are used, for instance, water-ethanol or 
water-isopropanol-ethanot, the water content of the compositions is generally in the range of 
from about 0.5% to about 99%, preferably finom about 5% to about 50% by weight of the total 
composition. In such mixtures, the alcohol solvents are generally present in the range of 
from 0.5% to about 99%, preferably from about 50% to about 95%, by weight of the total 
composition. 

In yet another aspect of this invention are provided hair styling products, such as 
hair spray compositions, which contain reduced levels of volatile orgailc solvents. A 
reduced volatile organic solvent hair spray composition of the present invention contains no 
more than 80% volatile organic solvents (which include, for example, alkanols but not 
water). As used herein, volatile organic solvents means solvents which have at least one 
carbon atom and exhibit a vapor pressure of greater than 0. 1 mm Hg at 20°C. 

In reduced volatile organic solvent hair styling products, the compositions generally 
comprise at least 10%, by weight, of water. It is also specifically contemplated that they 
may contain at least about 11%, 12%, 13%, 14%. 15%, or more water. 

The reduced volatile organic solvent compositions hereof will comprise up to about 
90%, preferably up to about 70%, more preferably up to about 60% even more preferably no 
more than about 50%, water; and from about 10% to about 80%, preferably from about 20% 
to about 80%, more preferably from about 40% to about 80%, of volatile organic solvent. It is 
also contemplated that the compositions can be limited to conteining no nxire than about 
75%, 65%, 55%, or other levels of volatile organic solvents. 

In addition the compositions could contein branched chain hydrocarbon solvent 
present at a level of from about 0.1% to about 15%, preferably fifom about 0.5% to about 
1 0%, more preferably firom about 2% to about 8%, by weight of the composition. Also useful 
are low boiling point silicone oils. 

The branched chain hydrocarbcwi solvent is characterized by a boiling point of at 
least about 105°C, preferably at least about 110°C, more preferably at least about 125°C, 
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most preferably at least about The boiling point is also generally about 260°C or 

less, preferably about 200°C or less. The hydrocarbon chosen should also be safe for 

topical application to the hair and skin. 

The branched chain hydrocarbon solvents are selected from the group consisting of 
5 C10-C14 branched chain hydrocarbons, and mixtures thereof, preferably Ci-|-C-)3 

branched chain hydrocarbons, more preferably C'\2 branched chain hydrocarbons. 

Saturated hydrocarbons are prefen^d, although it is not necessarily intended to exclude 

unsaturated hydrocartxms. 

Examples of suitable nonpolar solvents Include isoparaffins of the above chain 
10 sizes. Isoparaffins are commercially available from Exxon Chemical Co. Examples include 

Isopar^G (Ciq-C-|i isoparaffins), Isopar™ H and K (C1-1-C12 isoparaffins), and Isopar™ L 

(C11-C13 isoparaffins). The most prefBrred nonpolar solvent are C-12 branched chain 

hydrocarbons, especially isododecane. Isododecane Is commercially available fipom 

Preperse, Inc. (South Plainfield. NJ. USA) as Pennethyl™ 99A. 
15 Plasticizer 

The compositions hereof can optionally contain a plasticizer for the grafted polymer. 
Any plasticizer suitable for use in hair care products or for topical application to the hair or 
skin can be used. A wide variety of plastteizers are known in the art. These Include acetyl 
triethylcitrate, triethycttrate, glycerin, diisobutyl adipate, butyl stearate, and propylene glycol. 
20 Plasticizers are typically used at levels of from about 0.01 % to about 1 0%, by weight of the 
composition, preferably from about 0.05% to about 3%, more preferably from about 0.05% 
to about 1%. 

Additional Adhesive Polvmer 

The adhesive polymers of the present invention can be used in combination with an 

25 additional adhesive polymer. The compositions hereof will generally comprise from about 
0.1% to about 15%. preferably from 0.5% to about 8%. more preferably from about 1% to 
about 8%. by weight of the composition, of the adhesive polymer. It is not intended to 
exclude the use of higher or lower levels of the polymers, as long as an effective amount is 
used to provide adhesive or filnvfbrming properties to the composition and the composition 

30 can be ibnnulated and effectively applied fer its intended purpose. By adhesive polymer 
what is meant is that when applied as a solution to a surface and dried, the polymer forms a 
film. Such a film will have adhesive and cohesive strength, as is understood by those skilled 
in the art 

The polymeric backbone is chosen such that it is compatible with the adhesive 

35 styling polymer. By "compatible" is meant Is that, when placed in a suitable solvent, the 
polymers fbmn a stable solution, i. e., the polymers do not compete for solubility and 
therefore, cause no phase separation and when the solution is dried a uniform film is formed. 
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with no cnacrophase separation of the two polymers. A suitable solvent Is a solvent which 
substantially connpletely dissolves the non-sillcone and silicone grafted polymers at the 
levels described herein. The polymer blend fonns a relatively clear hairspray system (% 
transmittance at 450 nm is generally greater than 80%). It is recognized that certain 

5 plasticizers can form cloudy films as well as incorrect neutralization levels. Therefore, this 
would fall outside this definition of compatibility. The compatibility can be tested by 
dissolving the polymers in a mutual solvent, and then evaporating the solvent to form a film. 
Incompatible polymers will fomn a cloudy film with poor mechanical properties, due to the 
large scale phase separation of the two polymers. Although compatibiiity can occur between 

0 two polymers of completeiy different structures, it is preferred that compatibility be obtained 
by making the composition of the respective backbones similar to or kientlcal to one another. 

The adhesive polymer shouM have a weight average molecular weight of at least 
about 20,000, preferably greater than about 25,000, more preferably greater than about 
30,000, most preferably greater than about 35.000. There is no upper limit for molecular 

5 weight except that which limits applicability of the invention for practical reasons, such as 
processing, aesthetic characteristics, formulateability, etc. In general, the weight average 
molecular weight will be less than about 10,000,000, more generally less than about 
5,000,000, and typically less than about 2,000,000. Preferably, the weight average 
molecular weight will be between about 20,000 and about 2,000,000, more preferably 

0 between about 30,000 and about 1 ,000,000, and most preferably between about 40,000 and 
about 500,000. 

Preferably the weight ratio of the toughened graft polymer of the present invention to 
adhesive polymer ranges firom about 1:10 to about 1:1, preferably imm about 1:5 to about 

1:1. 

S Exemplary adhesive polymers for use in the present invention include the following, 

where the numbers following the structure indicate the weight ratios of monomers as loaded 
into the polymerization reactor: 

(i) acrylic acid/t-butyl acrylate 25/75 

(ii) . dimethylaminoethyl methacrylate/lsobutyl methacrylate/2- 
0 -ethylhexyl-methacrylate 40/40/20 

(Hi) t-butylacrylate/acryltoacki 65/35 

(iv) polymer (ii) quatemized by treatment with methyl chloride 

The adhesive poiymere can be synthesized as described above such as by free 

radical polymerization of the monomere. 
5 Solubility of the adhesive polymer, as described above, shoukf be determined after 

neutralization, if any, as well as after addition of other ingredients that may be included in 

the polar solvent phase, such as surfactants, solubilizers, etc. 
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The present compositions can contain a wide variety of addittonal optional 
Ingredients, including anrang them any of the types of ingredients known in the art for use in 
hair setting compositions, especially hair spray compositions and hair setting tonics. These 
ingredients include, but are not limited to, surfactants (including fluorinated sur^ctants and 
S silicone copolyois), and ionic strength modifiers, propeliants, hair conditioning agents (e.g., 
Silicone fluids, fotty esters, fatty alcohols, long chain hydrocarbons, cationic surfactants, 
etc.) 

Ionic Strength Modifier System 

Optionaliy, the compositions can contain an effective amount of a non-surfece 

10 active ionic strength modifier system for reducing the viscosity of the hair spray composition. 
When used, the ionic strength modifiers will t>e present in the present compositions at a 
level of at least about 0.01%, by weight of the composition. The upper limit is dependent 
upon the maximum amount of the ionic strength modifiers that can be present in the 
particular compositions hereof such that the hair setting resin remains solubilized or 

IS dispersed. As will be understood by those skilled in the art, as the ionic strength of the 
composition is increased, the resin will eventually fall out of solution, or othenvise no longer 
remain solubilized or dispersed in the polar liquid carrier. The upper limit of the ionic 
strength modifier system level will vary depending upon the particular ionic strength 
modifiers, liquid vehicle, resin, and other ingredients present in the composition. Thus, for 

20 example, the maximum amount of the ionic strength modifiers that can be used will tend to 
be lower for compositions with liquid vehicles containing less water, compared to composi- 
tions with more water. Generally, the compositions will comprise about 4%, by weight, or 
less of the ionic strength modifiers, more generally about 2% or less, and typically about 1% 
or less. Preferably, the compositions hereof will comprise from about 0.01% to about 0.5%, 

25 more preferably from about 0.01 % to about 0. 1 %, of the ionic strength modifier system. 

The ionic strength modifier system comprises a mixture of monomeric cations and 
anions. The ions of the ionic strength modifier system hereof are non-surfene active, i.e. 
they do not significantly reduce surfeice tension. For purposes hereof, non-«urface active 
shall mean the ions, which at a 0.5% aqueous solutbn concentration, reduce surfece 

30 tension by no more than 5.0 dynes/cm2. Generally, the ions of the ionic strength nKXlifier 
system hereof will be characterized by having, at maximum, four or less carbon atoms per 
charge, preferably two or less carbon atoms, in any aliphatic chain or straight or branched 
chain organic heterochain. 

The ionic strength modifier system comprises monomeric ions of the type which are 

35 products of acid-base reactions. Thus, basic and acidic ions OH" and H do not constitute 
part of the ionic strength modifier system hereof, although they may be present in the 
composition. The ions hereof are incorporated into the composition in a form such that they 
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can exist in the composition as free Ions, i.e., in dissociated form. It is not necessary that all 
of the ions added exist In the composition as free Ions, but must be at least partially soluble 
or dissociated in the composition. The ionic strength modifiers can be incorporated into the 
hair styling compositk>ns, for example, by addition of soluble salts, or by addition of mixtures 
5 of acids and bases, or by a combination thereof. It is a necessary aspect of the invention 
that both anions and cations of the ionic sfrength modifier system be Included in the 
composition. 

Suitable cations for use indude, for example, alkali metals, such as lithium, sodium, 
and potassium, and alkaline-earth metals, such as magnesium, calcium, and strontium. 

1 0 Preferred of the divalent cations is magnesium. Prefen^ monovalent metal Ions are fithlum, 
sodium, and potassium, particularly sodium and potassium. Suitable means of addition to 
the compositions hereof include, for example, additton as bases, e.g., hydroxides, sodium 
hydroxide and potassium hydroxide, and such as salts that are soluble in the liquid earner, 
e.g. salts of monomeric anions such as those described below. 

1 S Other suitable cations include organic ions, such as quaternary ammonium ions and 

cationic amines, such as ammonium mono-, di-, and tri-ethanolamlnes, triethylamine, 
morpholine, aminomethyipropanol (AMP), aminoethylpropanedioi, etc. Ammonium and the 
amines are preferably provided in the forms of salts, such as hydrochloride salts. 

Monomeric anions that can be used include halogen Ions, such as chforide, fluoride, 

20 bromide, and iodide, particulariy chloride, sulfete, ethyl sulfete, methyl sulfate, cyclohexyl 
sulfemate, thiosutfete, toluene sulfonate, xylene sulfonate, citrate, nitrate, bicarbonate, 
adipate, succinate, saccharinate, benzoate, lactate, borate, isethionate, tartrate, and other 
monomeric mfons that can exist in dissociated form in the hair styling composition. The 
anions can be added to tlie compositions hereof, for example, in the fonn of acids or salts 

25 which are at least partially soluble in the liquid vehicle, e.g., sodium or potassium salts of 
acetate, citrate, nitrate, chloride, sulfete, etc. Preferably, such salts are entirely soluble in 
the vehicle. 

The use of ionic sfrength modifiers are especially useful in reduced volatile organic 
solvent compositions, most especially those utilizing silicone macromer-containing 
30 polymers. 

Personal Care Compositions 
The adhesive polymers of the present invention can be used in a wide variety of 
personal care compositions, including shampoos, soaps, lotions, creams, antiperspirants, 
35 nail enamels, llpsticlcs, foundations, mascaras, sunscreens, hair spray compositions, 
mousses, and hair setting tonics. Compositions that will be flowable, e.g., low viscosity 
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compositions tliat, preferably, are suitable for spray application as well as higher viscosity 
compositions are also contemplated. 

Personal care carriers are suitable for use in the present invention are described in 
U.S. Patent 5,306,485 to Robinson et al., issued April 26. 1994. and U.S. Patent 5.002,680 
5 to Schmidt et al., issued March 26, 1991, both of which are incorporated by reference 
herein. Hair spray compositions and mousses of the present invention can be dispensed 
from containers which are aerosol dispensers or pump spray dispensers. Such dispensers, 
i.e., containers, are weH known to those sidlled in the art and are commerciaiiy available 
from a variety of manufacturers, including American National Can Corp. and Continental 
10 Can Corp. . 

When the hair spray composittons are to be dispensed from a pressurized aerosol 
container, a propetlant which consists of one or more of the conventionally-known aerosol 
propellents may be used to propel the compositions. A suitable propellant for use can be 
generally any liqulfiabie gas conventionally used for aerosol containers. 

IS Suitable propeiiants for use are volatile hydrocarbon propeliants which can include 

ikiuefied tower hydrocarbons of 3 to 4 carbon atoms such as propane, butane and 
isobutane. Other suitable propeliants are hydtDfluorocartnns such as 1,2-clifluoroethane 
(HydrofiuoFocarbon 1S2A) supptted as Dymei 152A by DuPont Other exarpples of 
propeiiants are diniethylether, N-butane, isobutane, propanes, nitrogen, carbon dioxide, 

20 nitrous oxide and atmospherk: gas and mixtures thereof. 

The aerosol propellant may be mixed with the present compositions and the amount 
of propellant to be mixed is governed by normal factors well known in the aerosol art. 
Generally, for liquifiable propellents, the level of propellant is from about 10% to about 60% 
by weight of the total composition, preferably from about 15% to about 40% by weight of the 

25 total composition. 

Alternatively, pressurized aerosol dispensers can be used where the pnspellant is 
separated from contact with the hair spray composition such as a two compartment can of 
the fype sokl under the tradename SEPRO from American National Can Carp. 

Other suitable aerosol dispensers are those characterized by the propellant being 

30 compressed air which can be filled into the dispenser by means of a pump or equivalent 
device prior to use. Such dispensers are described in U.S. Patents 4,077.441. March 7, 
1978, Otofeson and 4,850,577, July 25, 1989, TerStege, both incorporated by reference 
herein, and in U.S. Serial No. 07/839.648, GosseUn et al., filed Febniary 21, 1992. also 
incorporated by reference herein. Compressed air aerosol containers suitable for use are 

35 also cunrently marketed by The Procter & Gamble Company under their tradename VI DAL 
SASSOON AiRSPRAY® hair sprays. 

Conventional non-aerosol pump spray dispensers, i.e.. atomizers, can also be used. 
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Other hair styling compositions include tonics and lotions, which are typically 
dispensed in a conventional bottle or tube, and applied directly to the hair or first dispensed 
to the hand and then to the hair. 

The hair styling formulations of the present invention can optionally contain 
5 conventional hair care composition adjuvants. Generally, adjuvants collectively can 
comprise from about 0.05% to about 5% by weight and preferably frxxn about 0.1% to about 
3%, by weight Such conventional optional adjuvants are well known to those skilled in the 
art and include in addition to those discussed above, emollients; lubricants and penetrants 
such as various lanolin compounds; protein hydrolysates and other protein derivatives; 
10 ethylene adducts and polyoxyethylene cholesterol; dyes, tints, bleaches, reducing agents 
and other colorants; pH adjusting agents sunscreens; preservatives; thickening agents (e.g. 
polymeric thickeners, such as xanthan gum); and perfume. 

The personal care compositions of the present invention can be made using 
conventional formulation and mixing techniques. 
1 5 The compositions of the present invention are used in conventional ways to provkie 

the personal care compositions of the present Invention. Such method generally involves 
application of an effective amount of the product For example, in a hair spray compositnn, 
saM composition Is applied to the desired dry, sUghtiy damp, or wet hair before and/or after 
the hair is arranged to a desired style. The composition is then dried or alkiwed to dry. By 
20 "effective amount" is meant an amount suffteient to provKle the desired beneflte. 

The following Examples further illustrate embodlmente within the scope of the 
present invention. They are given solely for the purposes of illustratksn and are not to be 
construed as limitations of the present invention as many variations of the invention are 
possible without departing from its spirit and scope. 
25 EXAMPLES 

The following synthesis exemplify grafted polymers useful In the present 
compositions. 

Synthesis of oara-vinvl benzoyl chloride 

To a dean round bottom flask with an argon atnxisphere and equipped with a magnetic stir 
30 bar is added para-vinyl benzoic acid (10 g, 0.067 mole) which is suspended in benzene (25 
ml). Oxalyl chtoride (25 g, 0.197 mole) is added to the flask. The mixture is stinned for 8 
hours and continuously flushed with a continuous stream of argon to purge the system of the 
gases generated during the reaction. Solvent and excess oxalyl chloride is stripped off under 
vacuum. Finally, the product is distilled under vacuum to yield para-vinyl benzoyl chloride. 
35 Approximately 90% of the theoretical yield is obteined. 

Synthesis of VinvlDhenvkterminated PoMn-oroovl methacrylate-co-methacrvlic agi^l) 
Macronronomer 
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Into a round-bottomed-flask fitted with a magnetic stinring and under slight argon 
pressure (8 psi), is added tetrahydrofuran (1L), trimethylsilylmethacryiate (100g. 0,632 
mole), and n-propylmethacrylate (100g, 0.780 mole). The solution is cooled to -80°C then 
initiated with diphenylhexyllithium (0.0275 moles) (prepared by adding 1:1 mole ratio of sec- 
5 butyl lithium and 1,1-diphenyl ethylene in THF) for chain propagation via anionic 
polymerization mechanism. After continuous stirring for 0.5 hours, vinylbenzoyi chloride 
(8.33 mL, 0.05 mole) is charged to the solution and continued stirring for 0.5 hours. The 
solution is then warmed to ambient temperature and H2O (10mL) is added and stined for 
0.25 hours to deprotect the acid groups. The macromonomer, which has a weight average 
10 molecular weight of about 6000, is obtained by precipitating the resulting solution in 
hexanes, collecting precipitate, and drying uncter vacuum. 

Example 1 

Synthesis of Poly(t-butylacrylate-co-2-methoxyethylacrylate-co-acrylic acid)-graft-[poly(n- 
propyl methacrylate-co-methacrylic Acid);poly(dimethylsiloxane)] Copolymer 

15 To a round-bottomed-flask equipped with a reflux condenser, temperature control, 

mechanical stirring mechanism, and under slight argon pressure (Bpsi), is added acetone 
(0.5L), t-butylacrylate (22.3g), 2-methoxyethylacrylate (36g}, acrylic acid (18g), 
poly(dimethylsiloxane) macromonomer (6g) (Chisso Corp. Tokyo, Japan), and vinylphenyl- 
tenminated (n-pFopylmethacrylate-co-methacrylic acid) macromonomer (18g) (from Example 

20 2). Solution is stirred until all components are dissolved, then heated to 60<>C. 
Azobisisobutyronitrile (0.7g) is charged to the system. After 10 hours, solution is cooled and 
precipitated in water to yield silicone modified graft copolymer. 

Example 2 

Synthesis of Poly(t-butylacfylate-co-2-methoxyethylacrylate-co-methacrylic acid)-graft- 

25 [poly(n-propyl methacrylate-co-methacrylic Add) Copolymer 

To a round-bottomed-flask equipped with a reflux condenser, temperature control, 
mechanical sHrring mechanism, and under slight argon pressure (8psi), is added acetone 
(O.SL). t-butylacrylate (42.4 g), 2-methoxyethyl acrylate (29g), methactylic ackl (9g), and 
vinylphenyl-tenninated (n-propylmethacrylate-co-methacrylic add) macromonomer (20g) 

30 (from Example 2). Solution is stirred until all components are dissolved, then heated to 
eoPC. Azobisisobutyronitrile (0.5g) is charged to the system. After 10 hours, solutnn is 
cooled and predpiteted in water to yield the graft copolymer. 



35 
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CLAIMS: 

1. An adhesive copolymer, said copolymer being characterized by an organic 
polymeric backbone wherein said bacltbone has a Tg of from 0°C to 45''C wherein 
said copolymer comprises one or more side chains grafted thereon consisting of 
acrylic and methacrylic ntonomer units wherein [each of] said side chains have a 
Tg of greater than 50<'C -200°C wherein the number average molecular weight of 
said side chain is greater than 1000. 

2. An adhesive copolymer according to claim 1 , wherein said bacicbone monomer unit 
is selected from the group con^sting of unsaturated alcohols, unsaturated 
monocarboxyilc adds, unsaturated dicarboxylic acids, unsaturated anh^rides. 
alcohol esters of unsaturated monocarboxylic acids, alcohol esters of unsaturated 
dicarboxylic acids, alcohol esters of unsaturated anhydrides, alkoxylated esters of 
unsaturated monocarboxylic adds, alkoxylated esters of unsaturated dicarboxylic 
acids, alkoxylated esters of unsaturated anhydrides, aminoalkyi esters of 
unsaturated monocarboxylic adds, aminoalkyi esters of unsaturated dicarboxylic 
adds, aminoalkyi esters of unsaturated anhydrides, amMes of unsaturated 
monocarboxylic adds, amides of unsaturated dicarboxylic adds, amides of 
unsaturated anhydrides, salts of unsaturated monocaitxixylic adds, salts of 
unsaturated dicarboxylic acids, salts of unsaturated anhydrides, unsaturated 
hydrocaitxNis, unsaturated heterocydes, and mbdures thereof. 

3. An adhesive copolymer according to daim 2, wherein said backbone monomer unit 
is seleded from the group consisting of acrylic add, methacrylic acid, N,N-dlmethyl 
acrylamkie, dimethyiaminoethyl methacrylate. quatemized dimethylaminoethyl 
methaoylate, vinyl pyrrolidone, CyC^Q alkyi esters of acrylic or methacrylic add , 
styrene, alpha-methylstyrene, t-butyistyrene, vinyl acetate, vinyl propionate, vinyl 
chloride, vinylidene chloride, vinyl toluene, 2-methoxyethyl acrylate, n-butyl 
methacrylate. isobutyl methacrylate, t-butyl acrylate, t-butyl methacrylate, 2- 
ethylhexyl methacrylate, methyl methacrylate. salts of any adds and amines listed 
above, and combinations thereof, wherein the backbone of has a Tg of from 0° C to 
45»C, 

4. An adhesh/e copolymer according to daim 1. wherein sakt sMe chain has general 
fonnula: 

[lln-[Wlm-E 
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wherein I is an initiator, n - 0 or 1 , W is a monomer unit from the group consisting 
of an acrylic acid monomer unit, a methacrylic acid monomer unit and mixtures 
thereof, E is an endcapping group, and m is an integer from 10 to 2000. 

5. A personal care composition according to claim 4, wherein said monomer unit of 
said side chain is selected from the group consisting of an acrylic acid monomer 
unit, a fnethaoyHc add monomer unit and mixtures thereof. Noniimiting classes of 
such monomers Include C-f-C-ts straight and branched chain aoylate esters and 
Ci-Ci5 straight and branched chain methacrylate esters, and mixtures thereof. 

6. A personal care composition according to claim S, wherein said monomer unit of 
each of said side chains is selected from the monomer units are selected firom the 
group consisting acrylic acid, methacrylic add. n-propyl methacrylate, iso-butyl 
methacrylate. tert-butyl acrylate, teit-butyi methacrylate, 2-hydroxyethyi 
methacrylate, 2-hydroxypropyi methacrylate. 

7. A personal care composition according to daim 6. wherein said monomer units of 
each of said side chains Is selected from the group consisting of acrylic acid, 
methaoyllc add. n-propyl methaciylate, Iso-butyl methacrylate and mbdures 
thereof, wherein each side chain of said polymer has a Tg of from 50« C to 200« C. 

8. An adhesive copolymer according to daim 1. wherein said backbone further 
comprises one or more side chains having a polysiioxane-containing 
macromonomer units, wherein said polysiioxane-containing macromonomer side 
chains have a weight average molecular weight firom 1,000 to 50,000, and 
correspond to the chemical formula: 

XtY)nSKR)3.m(Z)m wherein: 

X is a vinyl group copoiymerizable with said vinyl monomer units; 
Y is a divalent linldng group: 

R is selected from the group consisting of hydrogen, hydroxyl, C1-ce alkyi, C1-ce 

alkoxy. C2C6 alkylamino, phenyl, C1-C6 alky or alkoxy-substituted phenyl; 

Z is a monovalent siloxane polymeric moiety having a number average molecular 

weight of at least 1000, is essentially unreactive under copoiymerization 

conditions, and is pendant from sakl vinyl polymeric backbone after polymerization; 

nis0or1;and 

m is an integer from 1 to 3. 
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A An adhesive copolymer according to Claim 8 wherein said polysiloxane- 
containing macromonomer units are selected from the group consisting of: 
x-^^— (CH2),-Si(RiW-2;„ 



X-CHj— (CH2),-8i(Rl)3Mn-Zn. 

and 

0 

X^0-(CH2)q-(0)p-Si(Rl)3.mZm 

wrtierein s is 0, 1, 2. 3, 4, 5 or 6; m is 1. 2 or 3; p is 0; q is 2. 3, 4, 5 or 6; is 
selected from the group consisting of hydrogen, hydroxyl, C1-C6 alkyi, C1-C6 
alkoxy, C2-C6 alkyiamino, phenyl. C1-C6 aikyi or alkoxy-substttuted phenyl. r2 is 
selected from the group consisting of C1-C6 aikyi or C1-C6 alkyi substituted 

phenyl:nisO. 1.2,3or4:Xls 
CHoC- 
t I 
r3 r4 

wherein r3 Is hydrogen or -COOH; R* is hydrogen, methyl or -CH2COOH; Z is 
R® 

R5-{Ji-0-)r 
1,7 

rS, R^, and R^ Independently are Independently selected from the group 
consisting of hydrogen, hydroxyl, C1-C6 aikyi, C1-C6 alkoxy. C2-C6 alkyiamino, 
phenyl, C1-C6 alkyi or alkoxy-sut)stituted phenyl, and r Is an integer of from 14 to 
700. 
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10. A An adhesive copolymer accoiding to Claim 9 wherein said polysiloxane- 

containing macromonomer units correspond to the chemical formula: 
0 

X-C-0-(CH2)q-(0)p^i(Rl)3^Z„, 

wherein m is 1 ; p Is 0; q is 3; r1 is methyl; X is 
CH-C 

U L, 

wherein Is hydrogen; R^ is methyl; and Z is 
r6 

R5.(.s|.o.)n 
I 

r7 

R^, R^, and R^ are independently selected from the group consisting of hydrogen, 
hydroxy!, C1-C6 atkyi, C1-C6 allcoxy, C2-C6 alkylamino. phenyl, C1-C6 aikyl or 
allcoxy-sut)stituted phenyl, and r is an Integer of from 14 to 700. 
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HAIR TREATMENT COMPOSITIONS WHICH PROVIDE HAIR BODY AMD 
WHICH COMPRISE SILICONE PRESSURE SENSITIVE ADHESIVES 

FIELD OF THE INVENTION 

5 

This invention relates to rinse-off hair treatment 
compositions and to their use in the treatment of hair. 

BACKGROUND AND PRIOR ART 

Shampoo con^jositions are generally formulated with highly 
effective cleansing surfactants, typically anionic 
surfactants, and do not in themselves provide much 
conditioning or styling benefit to the hair. In fact, basic 
shampoo fonmulations which have not been supplemented with 
specific conditioning or styling agents have a tendency to 
leave the hair in a cosmetically-unsatisfactory condition 
with regards to manageability and stylability. The hair 
tends to have a harsh, dull and dry feel, often referred to 
as "creak", is often difficult to comb, in either the wet or 
the dry state, typically has poor brushing properties, and 
tends to have poor set-retaining abilities. 

This has resulted in the use of products containing specific 
25 conditioning and/or styling agents. Such agents are 

generally applied separately after shampooing and rinsing 
the hair, for example, in the form of conditioner 
formulations or styling mousses etc. Alternatively, 
conditioning and/ or styling agents have been incorporated 
30 into the shampoo formulations. Although the latter approach 
provides the advantage of removing the need for a separate 



15 
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conditioner or styling treatment, the conditioning and/or 
styling agents are not always compatible with the shampoo 
ingredients, especially the anionic surfactant. This can 
result in the cleansing action and/or cosmetic benefit being 
5 conpromised. 

One of the most common methods for imparting styling 
benefits to the hair has been the use of hair fixative 
agents, such as high molecular weight polymers. The problem 
10 with using such agents is that they have a tendency to 

negatively impact on conditioning attributes such as wet and 
dry stage clean feel and smoothness. In fact, they can 
result In a sticky feel to the hair. 

15 Conventional styling polymers are typically water soluble. 
This means that when incorporated into a shampoo or 
conditioner which is rinsed off the hair, there is a 
tendency for the styling polymer to be washed away to a 
greater or lesser degree with the shampoo/conditioner. 

20 Hence, most styling products are leave-in products which are 
applied to the hair as post -shampoo/conditioner treatments. 

The problem being addressed by the present invention is the 
provision of rinse-off hair treatment compositions which 

25 impart styling benefits, and in particular body benefits on 
the hair, but which do not compromise the cleansing action 
of the shampoo and which do not negatively impact on the 
conditioning attributes of the hair. The body benefits or 
attributes the present invention is looking particularly to 

30 provide include root lift, increased hair volume, bounce, 
control (i.e. ease of styling) and manageability, i.e. 
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maintenance of style without undue stiffness and negative 
sensory feel. Such body attributes are particularly 
attractive to people with fine or long, weighty hair. 

One way in which this problem has been addressed in the past 
has been to include conditioning agents, for example 
silicones and cationic surfactants, in the compositions, to 
counter the negative effects of the styling agents. 
Although such conditioning agents do provide substantial 
improvements in for exan^le the wet and dry combing 
properties of the hair and in the smoothness of the hair, 
they tend to have a negative effect on many of the 
attributes associated with hair body. 

An alternative approach has been the use different forms of 
styling agents such as small particulate materials. Such an 
approach is described, for example, in our unpublished PCT 
International Patent Application No. PCT/GBOO/04020 . This 
document describes the use of small hard particles, and in 
particular colloidal silica, in hair treatment compositions 
to impart body and volume to the hair. Although providing 
significant styling benefits, the use of these materials can 
still lead to small levels of sensory negatives, such as for 
exatt^le a dry feel to the hair. 

JP 10144S22 (Toshiba Silicone) discloses cosmetic 
compositions containing particles consisting of colloidal 
silica cores surroiinded by silicone shells which may be used 
on the skin or hair. Hairdressing lotions, hair creams and 
cleainsing compositions such as a shampoo, rinse and 
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conditioner are disclosed as suitable cosmetic compositions 
in which the particles can be utilized. 

We have now found that the inclusion of a certain level of 
silicone pressure sensitive acahesives (silicone PSA) in the 
hair treatment formulations provides substantial styling 
benefits, in particular with regards to iit^jarting body 
attributes to the hair. Furthermore, the conditioning 
attributes of the hair are not adversely affected by the use 
of hair compositions containing these silicone PSA's and 
there is no necessity to incorporate additional conditioning 
agents or specialized surfactant systems. The compositions 
of the present invention are also stable. 

The incorporation of silicone PSA's into the hair treatment 
compositions of this invention leads to substantive 
inqprovements in the body of the washed and optionally 
conditioned hair, especially if a subsequent styling regime 
is followed. The compositions impart body attributes, such 
as root lift, volume, bounce and manageability, in the 
absence (or substantial absence) of a styling polymer, which 
leads to compositions which have a styling benefit, but 
nevertheless do not suffer from the sensory negatives (e.g. 
stickiness and/or dry feel) which are associated with prior 
styling compositions which are based on, for example, a 
styling polymer. 

SUMMARY OF THE INVENTION 

Accordingly, this invention provides an aqueous hair 
treatment composition comprising: 
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a) at least one silicone pressure sensitive adhesive 

b) a material selected from the group consisting of a 
suspending agent, a hair conditioning agent and a hair 
cleansing agent . 

Preferably, the resulting hair care composition will 
increase static friction of dry hair by at least about 10%, 
and will increase in the dynamic friction of dry hair by no 
more than 100% or leave said dynamic friction unchanged or 
decrease said dynamic friction. This invention provides for 
the use of silicone PSA's as defined herein in a hair 
treatment con?)osition to impart body without compromising 
conditioning. 

DETAILED DESCRIPTION OF THE INVENTION 

Unless specified otherwise, all wt% values quoted 
hereinafter are percentages by weight based on total weight 
of the hair treatment composition. 

Compositions of the invention may be prepared by known 
methods, or may be prepared by methods which are analogous 
to known methods. 

By "insoluble" is meant that the material is not soluble in 
water (distilled or equivalent) at a concentration of 0.1%, 
at 25'>C. 



The invention provides an aqueous hair treatment composition 
comprising : 
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a) at least one silicone pressure sensitive adhesive 

b) a material selected from the group consisting of a 
suspending agent, a hair conditioning agent and a hair 
cleansing agent. 

Preferably, the resulting hair care composition will 
increase static friction of dry hair by at least 10%, or 
more preferably by at least about 15%, most preferably by 
about 20% and which increases the dynamic friction of dry 
hair by not more than 100%, or more preferably no more than 
by 60% or most preferably not more than by 40% Said dynamic 
friction of dry hair may also be unchanged or decrease. 

More preferably, the invention provides an aqueous hair 
treatment composition comprising 

a) about 0.1% to about 10% of at least one silicone 
pressvire sensitive adhesive; 
and 

bl) about 0.1% to about 10% of at least one suspending 
agent; or 

b2) about 0.05% to about 10% of at least one hair 

conditioning agent; or 
b3) about 5% to about 40% of at least one hair cleansing 

agent . 

What follows now are descriptions of the materials and 
ingredients that may be employed in the compositions of the 
present invention. 
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SILICONE PRESSURE SENSITIVE ADHESIVES 

Pressure sensitive adhesives (PSA) are being used for a wide 
variety of adhesive applications. Organic PSAs have been 
5 finding increased utility principally for manufacture of 
adhesive tapes and labels. Other PSA uses include 
automotive, medical and coating industry applications. 
There are several chemical types of PSAs, including 
tackified natural rubbers, synthetic rubbers, polyvinyl 
10 ether types PSAs, acrylic, and silicone PSAs. The present 
invention relates to the use of Silicone PSAs in hair care 
applications. 

PSAs require a delicate balance of viscous and elastic 

15 properties that results in desired balance of adhesion, 

cohesion, peel strength and elasticity. The performance of 
PSA is governed mainly by three properties: Tack, peel 
strength and shear strength. Properties such as shear 
strength, cohesion can be tested using standard tests that 

20 are found in the detail in literature {Ref: A. Zosel, J. 

Adhesion, 1994, 44, pp 1-6) . Adhesion is the binding force 
between two different materials, whereas cohesion is the 
binding force between two similar materials. When two 
materials are brought into contact with each other, the 

25 surface molecules interact, giving rise to attractive forces 
that may be physical, chemical or electrostatic 
(corresponding to adsorption, covalent bonding or van der 
Waals forces, respectively) . When the molecules are 
similar, as in the case of two 'glue molecules, ' the 

30 cohesive force causes the glue to stick to itself. When the 
molecules are dissimilar, as in the case of a glue molecule 
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and a molecule of the substrate (the surface the glue is 
sticking to) , the adhesive force holds the glue to the 
substrate. PSAs usually consist of chemical moieties that 
exhibit varying tackifying and elastomeric behaviors. By 
controlling the amount of the viscous and elastic materials, 
desired properties can be obtained. As used herein, the 
term PSA shall refer to an adhesive composition that 
satisfies the Dahlquist criterion, i.e.: 1 -sec creep 
compliance greater than Ixio"^ cm^/dyne (fief: Handbook of 
Pressure Sensitive Adhesive Technology, p 172, D. Satas 
(ed.) Van Nostrand, N. Y. (1989)). Typically, a pressure 
sensitive adhesive is normally tacky at room temperature and 
adheres to a surface upon contact to the surface without the 
need for more than finger or hand pressure. Owing to the 
unique chemistry of PSAs, they exhibit some xinique 
properties such as low glass transition temperature (Tg) , 
low surface energy, high flexibility, quick bonding. 

This present invention relates to the use of silicone 
PSAs for hair care rinse-off applications. Silicone PSAs 
comprise two major components, a polymer or gum, and a 
tackifying resin. The polymer is typically a high molecular 
weight polydimethylsiloxane or polydimethyldiphenylslloxane, 
that contains residual silanol functionality (SiOH) on the 
ends of the polymer chain, or a block copolymer cortprising 
polydiorganosiloxane soft segments and urea terminated hard 
segments. The tackifyng resin is generally a three 
dimensional silicate structure that is endcapped with 
trimethylsiloxy groups (OSiMes) and also contains some 
residual silanol fiinctionality. Manufacture of typical 
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silicone PSA is described in US patent 2736721 (Dexter) . 
Other materials can be added for special purposes, including 
pigments, plasticizers, and fillers. Although, silicone 
PSAs have been cited in US patent 5337047, US patent 5060804 
and US patent 5451610. 

A preferable silicone PSA can be a mixture of a hydroxy- 
terminated polydimethylsiloxane gum of Tg below -20°C with a 
silicone resin which has a Tg or softening point above 0°C. 
The gum is lightly crosslinked with the resin. The resin 
comprises at least 30% units selected from RSi03/2 units (T 
units) and Si04/2 units (Q xanits) , optionally together with 
R3Si01/2 iinits (M units) and/or R2Si02/2 units (D units) , 
where R is a monovalent hydrocarbon radical, preferably 
methyl, and generally has an average of at least one R group 
per Si atom. The Tg of the blend of resin and gum is 
generally between -15 and 15°C (T at tan delta tnaximum) . The 
resin lowers the irubbery plateau modulus of the system. The 
resin is preferably a silanol -containing trimethylated 
silicate resin, that is a resin comprising Q and M units in 
which some trimethylsilyl groups are replaced by 
dimethylhydroxysilyl groups. The PSAs described above can 
be supplied as solutions or in emulsified form to be used in 
the hair care compositions of this invention. 

A preferred silicone PSA emulsion can be prepared by mixing 
the silicone PSA in volatile silicone fluid. The silicone 
PSA together with a volatile silicone fluid having a boiling 
point below 300°C is emulsified together in water using one 
or more surfactants. The preferred surfactants are anionic 
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or nonionic surfactants, especially a blend of anionic and 
nonionic surfactants. The silicone fluid can be a linear 
polydiorganosiloxane such as hexamethyldisiloxane, 
octamethyltrisiloxane, decamethyltetrasiloxane, 
5 dodecamethylpentasiloxane or a polydimethylsiloxane of 
viscosity IcSt, or can be a cyclic siloxane such as 
decamethylcyclopentasiloxane or octamethylcyclotetrasiloxane 
or can be a mixture of one or more linear 
polydimethylsiloxanes with one or more cyclic siloxanes. 

10 

Silicone PSAs may be formed with a wide range of tack 
properties, peel adhesion properties and cohesion 
properties. In the hair care con^jositions of the present 
invention, it is also preferable that the silicone PSAs have 
15 tack and adhesion properties in the following range: 





Tack (g) 


Adhesion (g/can) 


Low tack (LT) 


<70 


800 


Medium tack (MT) 


70 


600 


High tack (HT) 


500 


400 



2 0 In the hair care compositions of the present invention, it 
is also preferable that the silicone PSAs have tack 
properties between about 40 g to about 750 g, or more 
preferably 50 g to 600 g; adhesion properties between about 
1600 g/cm to 200 g/cm, or more preferably 1000 g/cm to 300 

25 g/cm. 

Silicone PSA that may be used in the compositions of the 
invention may have a resin-to-polymer ratio that can range 
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from about 25 to 75 to about 75 to 25, more preferably from 
about 55 to 45 to 65 to 35, 

In the hair care compositions of the present invention, the 
5 silicone PSAs can cause said compositions to maximally 

increase the dynamic friction of dry hair by 100% or 60%, or 
most preferably by 40%; and can cause the static friction of 
dry hair to increase by at least 10% or 15%, or most 
preferably by 20%. 

10 

This invention does not include the silicone acrylate type 
of PSAs, such as acrylate dimethicone copolymer cited in US 
patent 5166276 or acrylates/dimethicone methacrylate 
copolymer that have been previously used in hair care 
15 applications. 

HAIR TREATMENT COMPOSITIONS 

Compositions in accordance with the invention may be 
20 formulated as compositions for the treatment of hair and 
siibseguent rinsing. 

COMPOSITIONS MaJDE WITH A SUSPENDING AGENT 

25 Compositions in accordance with this invention may also be 
formulated as suspensions for the treatment of hair and 
subsequent rinsing. These compositions will require 
silicone PSAs and a suspending agent. 
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Suspending agents: 

In a preferred embodiment, the hair treatment composition 
further comprises from 0.01 to 10 wt% of a suspending agent 
5 for the silicone pressure sensitive adhesive. Suitable 
suspending agents are selected from polyacrylic acids, 
cross-linked polymers of acrylic acid, copolymers of acrylic 
acid with a hydrophobic monomer, copolymers of carboxylic 
acid-containing monomers and acrylic esters, cross-linked 

10 copolymers of acrylic acid and acrylate esters, 

heteropolysaccharide gums and crystalline long chain acyl 
derivatives. The long chain acyl derivative is desirably 
selected from ethylene glycol stearate, alkanolamides of 
fatty acids having from 16 to 22 carbon atoms and mixtures 

15 thereof. Ethylene glycol distearate and polyethylene glycol 
3 distearate are preferred long chain acyl derivatives. 
Polyacrylic acid is available commercially as Carbopol 420, 
Carbopol 488 or Carbopol 493. Polymers of acrylic acid 
cross-linked with a polyfunctional agent may also be used, 

20 they are available commercially as Carbopol 910, Carbopol 
934, Carbopol 940, Carbopol 941 and Carbopol 980. An 
example of a suitable copolymer of a carboxylic acid 
containing a monomer and acrylic acid esters is Carbopol 
1342. All Carbopol (trade mark) materials are available 

25 from Goodrich. 

Suitable cross-linked polymers of acrylic acid and acrylate 
esters are Pemulen TRl or Pemulen TR2 . A suitable 
heteropolysaccharide gum is xanthan gum, for example that 
30 available as Kelzan mu. 



wo 03/028677 



PCT/EP02/10643 



- 13 - 

COMPOSITIONS MADE WITH A CONDITIONING AGENT 

Compositions in accordance with this invention may also be 
formulated as conditioners for the treatment of hair 
5 typically after shampooing and subsequent rinsing. These 
compositions will require silicone PSAs and a conditioning 
agent . 

Conditioning Agents 

10 

Such a conditioner will comprise at least one silicone 
pressure sensitive adhesive and one or more conditioning 
agents that are cosmetically acceptable and suitable for 
topical application to the hair. 

15 

Suitable conditioning agents are selected from cationic 
surfactants, used singly or in admixture. 

Cationic surfactants useful in compositions of the invention 
20 contain amino or quateinary ammonium hydrophilic moieties 
which are positively charged when dissolved in the aqueous 
con^josition of the present invention. 

Examples of suitable cationic surfactants are those 
25 corresponding to the formula: 

[N(Ri) (Rz) (R3) (R4)]* (X)" 

in which Ri, R2, R3, and R4 are independently selected from 
30 (a) an aliphatic group of from 1 to 22 carbon atoms, or (b) 
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an aromatic, alkoxy, polyoxyalkylene, alkylamido, 
hydroxyalkyl , aryl or alkylaryl group having up to 22 carbon 
atoms; and X is a salt-forming anion such as those selected 
from halogen, (e.g. chloride, bromide), acetate, citrate, 
5 lactate, glycolate, phosphate nitrate, sulphate, and 
al kyl sulphate radical s . 

The aliphatic groups can contain, in addition to carbon and 
hydrogen atoms, ether linkages, and other groups such as 
10 amino groups. The longer chain aliphatic groups, e.g., those 
of about 12 carbons, or higher, can be saturated or 
unsaturated. 

The most preferred cat ionic surfactants for conditioner 
15 compositions of the present invention are monoalkyl 

quaternary ammonium compounds in which the alkyl chain 
length is C8 to C14. 

Suitable examples of such materials correspond to the 
20 formula: 

[N(R5) (Rg) (R?) (Rb)]'' (X)" 

in which R5 is a hydrocarbyl chain having 8 to 14 carbon atoms 
25 or a functionalized hydrocarbyl chain with 8 to 14 carbon 
atoms and containing ether, ester, amido or amino moieties 
present as siibstituents or as linkages in the radical chain, 
and Rg, R7 and Rg are independently selected from (a) 
hydrocarbyl chains of from 1 to about 4 carbon atoms, or (b) 
3 0 fimctionalized hydrocarbyl chains having from 1 to about 4 
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carbon atoms and containing one or more aromatic, ether, 
ester, amide or amino moieties present as substituents or as 
linkages in the radical chain, and X is a salt-forming anion 
such as those selected from halogen, (e.g. chloride, 
5 bromide) , acetate, citrate, lactate, glycolate, phosphate 
nitrate, sulphate, and alkylsulphate radicals. 

The functionalised hydrocarbyl chains (b) may suitably contain 
one or more hydrophilic moieties selected from alkoxy 
10 (preferably C1-C3 alkoxy) , polyoxyalkylene (preferably C1-C3 
polyoxyalkylene) , alkylamido, hydroxyalkyl , alkylester, and 
combinationB thereof. 

Preferably the hydrocarbyl chains Ri have 12 to 14 carbon 
15 atoms, most preferably 12 carbon atoms. They may be derived 
from source oils which contain substantial amounts of fatty 
acids having the desired hydrocarbyl chain length. For 
example, the fatty acids from palm kernel oil or coconut oil 
can be used as a source of C8 to C12 hydrocarbyl chains. 

20 

Typical monoalkyl quaternary ammonium compo\ands of the above 
general formula for use in shampoo compositions of the 
invention include: 

25 (i) lauryl trimethylammonium chloride (available commercially 
as Arquad C35 ex-Akzo) ; cocodimethyl benzyl ammonixim chloride 
(available commercially as Arquad DMCB-80 ex-Akzo) 

(ii) compoxinds of the formula: 

30 
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[N(Ri) {R2) ( {CH2 CH2 0)x H) ( (CH2 CH2 0)y H) ] (X) 



X + y is an integer from 2 to 20; 

Ri is a hydrocarbyl chain having 8 to 14, preferably 12 to 
14, most preferably 12 carbon atoms or a fimctionalised 
hydrocarbyl chain with 8 to 14, preferably 12 to 14, most 
preferably 12 carbon atoms and containing ether, ester, amido 
or amino moieties present as substituents or as linkages in 
the radical chain; 

R2 is a C1-C3 alkyl group or benzyl group, preferably methyl, 
and 

X is a salt- forming anion such as those selected from 
halogen, (e.g. chloride, bromide), acetate, citrate, lactate, 
glycolate, phosphate nitrate, sulphate, methosulphate and 
alkyl sulphate radicals. 

Suitable examples are PEG-n lauryl ammonium chlorides (where 
n is the PEG chain length) , such as PEG-2 cocomonium 
chloride (available commercially as Ethoquad C12 ex-Akzo 
Nobel) ; PEG-2 cocobenzyl ammonium chloride (available 
commercially as Ethoquad CB/12 ex-Akzo Nobel) ; PEG-5 
cocomonium methosulphate (available commercially as Rewoquat 
CPEM ex-Rewo) ; PEG-15 cocomonium chloride (available 
commercially as Ethoquad C/25 ex-Akzo) 
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(iii) compounds of the fonmila: 

[N(Ri) (R2) (R3 ) ( (CH2)n OH) ] * (X) " 

5 wherein : 

n is an integer from 1 to 4, preferably 2; 

Ri is a hydrocarbyl chain having 8 to 14, preferably 12 to 
10 14, titost preferably 12 carbon atoms; 

R2 and R3 are independently selected from Ci - C3 alkyl 
groups, and are preferably methyl, and 

15 x" is a salt-forming anion such as those selected from 

halogen, (e.g. chloride, bromide), acetate, citrate, lactate, 
glycolate, phosphate nitrate, sulphate, and alkylsulphate 
radicals . 

20 Suitable exanples are laiiryldimethylhydroxyethylammonium 

chloride (available commercially as Prapagen HY ex-Clariant) 

Mixtures of any of the foregoing cationic surfactants 
compounds may also be suitable. 

25 

Examples of suitable cationic surfactants include: 

quaternary ammonium chlorides, e.g. alkyl trimethylaramonium 
chlorides wherein the alkyl group has from about 8 to 22 
30 carbon atoms, for example octyl trimethylaramonium chloride. 
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dodecyltrimethylammonium chloride, hexadecyltrimethylammonium 
chloride, cetyltrimethyl ammonium chloride, 
octyldimethylbenzylammonium chloride , 
decyldimethylbenzylattimonium chloride, stearyldi- 
5 tnethylbenzylammonium chloride, didodecyldimethylammonium 
chloride, dioctadecyldimethylammonium chloride, tallow 
triTnethylammonium chloride, coco t rime thyl ammonium chloride, 
and the corresponding salts' thereof , e.g., bromides, 
hydroxides. Cetylpyridiniijm chloride or salts thereof, 
10 e.g., chloride 
Quaternium -5 
Quatemium -31 
Quaternium -18 
and mixtures thereof. 

15 

In the conditioners of the invention, the level of cationic 
surfactant is preferably from 0.01 to 10, more preferably 
0.05 to 5^ most preferably 0.1 to 2 wt% of the total 
conposition. 

20 

Optional Conditioning Materials 
Fatty alcohol material 

25 Conditioner compositions of the invention preferably 

additionally comprise a fatty alcohol material. The combined 
use of fatty alcohol materials and cationic surfactants in 
conditioning compositions is believed to be especially 
advantageous, because this leads to the formation of a 

3 0 lamellar phase, in which the cationic surfactant is 
dispersed. 
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By "fatty alcohol material" is meant a fatty alcohol, an 
alkoxylated fatty alcohol, or a mixture thereof. 

Representative fatty alcohols comprise from 8 to 22 carbon 
5 atoms, more preferably 16 to 20. Examples of suitable fatty 
alcohols include cetyl alcohol, stearyl alcohol and mixtures 
thereof. The use of these materials is also advantageous in 
that they contribute to the overall conditioning properties 
of compositions of the invention. 

10 

Alkoxylated, (e.g. ethoxylated or propoxylated) fatty 
alcohols having from about 12 to about 18 carbon atoms in 
the alkyl chain can be used in place of, or in addition to, 
the fatty alcohols themselves. Suitable examples include 
15 ethylene glycol cetyl ether, polyoxyethylene (2) stearyl 
ether, polyoxyethylene (4) cetyl ether, and mixtures 
thereof . 

The level of fatty alcohol material in conditioners of the 
20 invention is suitably from 0.01 to 15, preferably from 0.1 to 
10, and more preferably from 0.1 to 5 wt%. The weight ratio 
of cationic surfactant to fatty alcohol is suitably from 10:1 
to 1:10, preferably from 4:1 to 1:8, optimally from 1:1 to 
1:7, for exattple 1:3. 

25 

Cationic Polymers 

Conditioner compositions of the invention can also contain a 
cationic polymer. Suitable cationic polymers are described 
30 hereinbelow in relation to shanpoo compositions. 
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COMPOSITIONS MADE WITH A HAIR CLEANSING AGENT (SHAMPOO 
COMPOSITIONS) 

A particularly preferred hair treatment composition in 
accordance with the invention is a shampoo composition that 
comprises of at least one silicone PSA and at least one 
cleansing agent. 

Such a shampoo composition will comprise at least one 
silicone pressure sensitive adhesive and one or more 
cleansing surfactants which are cosmetically acceptable and 
suitable for topical application to the hair. Further 
surfactants may be present as an additional ingredient if 
sufficient for cleansing purposes is not provided as 
emulsifier for the silicone component. It is preferred that 
shampoo conpositions of the invention conprise at least one 
further surfactant (in addition to that used as emulsifying 
agent for the silicone component) to provide a cleansing 
benefit . 

Suitable cleansing agents, which may be used singiilarly or in 
combination, are selected from anionic, nonionlc, anphoteric 
and zwitterionic surfactants, and mixtures thereof. The 
cleansing agent may be the same surfactant as the 
emulsifier, or may be different. 

CLEANSING AGENTS 

Anionic cleansing surfactant 
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Shampoo compositionB according to the invention will 
typically comprise one or more anionic cleansing surfactants 
which are cosmetically acceptable and suitable for topical 
application to the hair. 

Examples of suitable anionic cleansing surfactants are the 
alkyl sulphates, alkyl ether sulphates, alkaryl sulphonates, 
alkanoyl isethionates, alkyl succinates, alkyl 
sulphosuccinates, N-alkyl sarcosinates, alkyl phosphates, 
alkyl ether phosphates, alkyl ether carboxylates, and alpha- 
olefin sulphonates, especially their sodium, magnesiijm, 
ammonium and mono-, di- and triethanol amine salts. The alkyl 
and acyl groups generally contain from 8 to 18 carbon atoms 
and may be unsaturated. The alkyl ether sulphates, alkyl 
ether phosphates and alkyl . ether carboxylates may contain 
from 1 to 10 ethylene oxide or propylene oxide units per 
molecule . 

Typical anionic cleansing surfactants for use in shairpoo 
conpositions of the invention include sodium oleyl succinate, 
ammonium lauryl sulphosuccinate, ammonium lauryl sulphate, 
sodium dodecylbenzene eulphonate, triethanolamine 
dodecylbenzene sulphonate, sodium cocoyl isethionate, sodium 
lauryl isethionate and sodium N- lauryl aarcosinate. The most 
preferred anionic surfactants are sodium lauryl sulphate, 
sodium lauryl ether sulphate (n)EO, (where n ranges from 1 
to 3) , ammoniiim lauryl sulphate and ammonium lauryl ether 
sulphate (n) EO, (where n ranges from 1 to 3) . 

Mixtures of any of the foregoing anionic cleansing 
surfactants may also be suitable. 
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The total amount of anionic cleansing surfactant in shampoo 
compositions of the Invention is generally from 5 to 30, 
preferably from 6 to 20, more preferably from 8 to 16 wt%, 

5 Amphoteric Surfactants 

The shan^oo composition can include other cleansing agents, 
to help impart aesthetic, physical or cleansing properties to 
the composition. 

10 

A preferred example is an amphoteric or zwitterionic 
surfactant, which can be included in an amoimt ranging from 0 
to about 8, preferably from 1 to 4 wt%. 

15 Examples of amphoteric and zwitterionic surfactants include 
alkyl amine oxides, alkyl betaines, alkyl amidqpropyl 
betaines, alkyl sulphobetaines (sultaines) , alkyl glycinates, 
alkyl carboxyglycinates, alkyl araphopropionates , 
alkylamphoglycinates, alkyl amidoprqpyl hydroxysultaines , 

20 acyl taurates and acyl glutamates, wherein the alkyl and acyl 
groups have from 8 to 19 carbon atoms. Typical amphoteric 
and zwitterionic surfactants for use in shampoos of the 
invention include lauryl amine oxide, cocodimethyl 
sulphqpropyl betaine and preferably lauryl betaine, 

25 cocamidopropyl betaine and sodium cocamphopropionate . 

Nonionic Surfactants 

Another preferred example is a nonionic surfactant, which can 
30 be included in an amount ranging from 0 to 8, preferably from 
2 to 5 wt%. 
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For example, representative nonionic surfactants that can be 
included in shampoo compositions of the invention include 
condensation products of aliphatic (Cs-Cis) primary or 
secondary linear or branched chain alcohols or phenols with 
alkylene oxides, usually ethylene oxide and generally having 
from 6 to 30 ethylene oxide groups. 

Other representative nonionic surfactants include mono- or 
di-alkyl alkanolamides . Exan5)les include coco mono- or di- 
ethanolamide and coco mono-isopropanolamide. 

Further nonionic surfactants which can be included in shampoo 
conpositions of the invention are the alkyl polyglycosides 
(APGs) . Typically, the APG is one which comprises an alkyl 
group connected (optionally via a bridging group) to a block 
of one or more glycosyl groups. Preferred APGs are defined 
by the following formula: 

RO - (G)n 

wherein R is a branched or straight chain alkyl group which 
may be saturated or unsaturated and G is a saccharide group. 

R may represent a mean alkyl chain length of from about C5 to 
about C20- Preferably R represents a mean alkyl chain length 
of from about Ca to about C12. Most preferably the value of R 
lies between about 9.5 and about 10.5. G may be selected 
from C5 or Cg monosaccharide residues, and is preferably a 
glucoside. G may be selected from the group comprising 
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glucose, xylose, lactose, fructose, mannose and derivatives 
thereof. Preferably G is glucose. 

The degree of polymerization, n, may have a value of from 
about 1 to about 10 or more. Preferably, the value of n lies 
in the range of from about 1.1 to about 2. Most preferably 
the value of n lies in the range of from about 1.3 to about 
1.5. 

Suitable alkyl polyglycosides for use in the invention are 
commercially available and include for example those 
materials identified as: Oramix NSIO ex Seppic; Plantaren 
1200 and Plantaren 2000 ex Henkel. 

Other sugar-derived nonionic surfactants which can be 
included in shampoo conpositions of the invention include the 
Cio-Cie N-alkyl (Ci-Ce) polyhydroxy fatty acid amides, such as 
the C12-C18 N-methyl glucamides, as described for example in 
WO 92 06154 and US 5 194 639, and the N-alkoxy polyhydro:}Qr 
fatty acid amides, such as Cio-Cis N- (3-methoxypropyl) 
glucamide . 

■OPTIONAL SHAMPOO INGREDIENTS 
Cationic Surfactants 

The shampoo composition can also optionally include one or 
more cationic co-surfactants included in an amount ranging 
from 0.01 to 10, more preferably from 0.05 to 5, most 
preferably from 0.05 to 2 wt%. Useful cationic surfactants 
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are described hereinabove in relation to conditioner 
compositions. 

The total amount of surfactant (including any co -surfactant, 
and/or any emulsifier) in shampoo compositions of the 
invention is generally from 5 to 50, preferably from 5 to 

Cat ionic Polymer 

A cat ionic polymer is a preferred ingredient in shampoo 
compositions of the invention, for enhancing conditioning 
performance of the shampoo. 

The cat ionic polymer may be a homopolymer or be formed from 
two or more types of monomers. The molecular weight of the 
polymer will generally be between 5 000 and 10,000,000, 
typically at least 10 000 and preferably in the range 100 000 
to aJaout 2,000,000, The polymers will have cationic nitrogen 
containing groups such as quaternary ammonium or protonated 
amino groups, or a mixtiore thereof. 

The cationic nitrogen- containing group will generally be 
present as a substituent on a fraction of the total monomer 
units of the cationic polymer. Thus when the polymer is not 
a homopolymer it can contain spacer non- cationic monomer 
units. Such polymers are described in the CTFA Cosmetic 
Ingredient Directory, 3rd edition. The ratio of the cationic 
to non-cationic monomer tinits is selected to give a polymer 
having a cationic charge density in the required range. 
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Suitable cat ionic conditioning polymers include, for 
example, copolymers of vinyl monomers having cat ionic amine 
or quaternary ammonium functionalities with water soluble 
spacer monomers such as (meth) acryl amide, alkyl and dialkyl 
(meth) acrylamides, alkyl (meth) acryl ate, vinyl caprolactone 
and vinyl pyrrolidine. The alkyl and dialkyl substituted 
monomers preferably have C1-C7 alkyl groups, more preferably 
CI -3 alkyl groups. Other suitable spacers include vinyl 
esters, vinyl alcohol, maleic anhydride, propylene glycol 
and ethylene glycol. 

The cationic amines can be primary, secondary or tertiary 
amines, depending upon the particular species and the pH of 
the composition. In general secondary and tertiary amines, 
especially tertiary, are preferred. 

Amine siibstituted vinyl monomers and amines can be 
polymerized in the amine form and then converted to ammonium 
by quatemization. 

The cationic conditioning polymers can comprise mixtures of 
monomer units derived from amine- and/or quaternary 
ammonium- substituted monomer and/or compatible spacer 
monomers . 

Suitable cationic conditioning polymers include, for 

example : 

copolymers of l-vinyl-2-pyrrolidine and l-vinyl-3- 
methyl-imidazolium salt (e.g. chloride salt), referred 
to in the industry by the Cosmetic, Toiletry, and 
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Fragrance Association, (CTFA) as Polyquaternium-16 . 
This material is commercially available from BASF 
Wyandotte Corp. (Parsippany, NJ, USA) under the LUVIQUAT 
tradename (e.g. LUVIQUAT FC 370); 

copolymers of 1 -vinyl -2 -pyrrolidine and 
dimethylaminoethyl methacrylate, referred to in the 
industry (CTFA) as Polyquaternium-11 . This material is 
available commercially from Gaf Corporation (Wayne, N J , 
USA) under the GSAFQUAT tradename (e.g., GAFQUAT 755N) ; 

cationic diallyl quaternary ammonium- containing polymers 
including, for example, dimethyldiallyammonium chloride 
homopolymer and copolymers of acrylamide and 
dimethyldiallylammonium chloride, referred to in the 
industry (CTFA) as Polyquaternium 6 and Polyquatemium 
7, respectively; 

mineral acid salts of amino-alkyl esters of homo-and co- 
polymers of unsaturated carboxylic acids having from 3 
to 5 carbon atoms, (as described in U.S. Patent 
4,009,256) ; 

cationic polyacrylamides (as described in W095/22311) . 

Other cationic conditioning polymers that can be used 
include cationic polysaccharide polymers, such as cationic 
cellulose derivatives, cationic starch derivatives, and 
cationic guar gum derivatives. Suitably, such cationic 
polysaccharide polymers have a charge density in the range 
from 0.1 to 4 meq/g. 
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Cationic polysaccharide polymera suitable for use in 
compositions of the invention include those of the formula: 

A-0- [R-N"'(R^) (R^) (R^)X"], 

wherein: A is an anhydroglucose residual group, such as a 
starch or cellulose anhydroglucose residual. R is an 
alkylene, oxyalkylene, polyoxyalkylene, or hydroxyalkylene 
group, or cotnbination thereof. R''', R^ and R"^ independently 
represent alkyl, aryl, alkylaryl, arylalkyl, alkoxyalkyl, or 
alkoxyaryl groups, each group containing up to about 18 
carbon atoms. The total nvunber of carbon atoms for each 
cationic moiety (i.e., the sum of carbon atoms in R"*", R^ and 
R"^) is preferably about 20 or less, and x" is an anionic 
covinterion . 

Cationic cellulose is available from Amerchol Corp. (Edison, 
NJ, USA) in their Polymer JR (trade mark) and LR (trade 
mark) series of polymers, as salts of hydroxyethyl cellulose 
reacted with trimethyl ammonium substituted epoxide, 
referred to in the industry (CTFA) as Polyquaternium 10. 
Another type of cationic cellulose includes the polymeric 
quaternary ammonium salts of hydroxyethyl cellulose reacted 
with lauryl dimethyl ammonium- stibst i tut ed epoxide, referred 
to in the industry (CTFA) as Polyquaternium 24 . These 
materials are available from Amerchol Corp. (Edison, NJ, 
USA) xinder the tradename Polymer LM-200. 

Other suitable cationic polysaccharide polymers include 
quaternary nitrogen- containing cellulose ethers (e.g. as 
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described in U.S. Patent 3,962,418), and copolymers of 
etherified cellulose and starch (e.g. as described in U.S. 
Patent 3,958,581) . 

A particularly suitable type of cationic polysaccharide 
polymer that can be used is a cationic guar gum derivative, 
such as guar hydroxypropyltrimonium chloride (commercially 
available from Rhone -Poulenc in their JAGUAR trademark 
series) . 

Examples are JAGUAR C13S, which has a low degree of 
substitution of the cationic groups and high viscosity. 
JAGUAR C15, having a moderate degree of substitution and a 
low viscosity, JAGUAR C17 (high degree of siibstitution, high 
viscosity) , JAGXJAR C16, which is a hydroxypropylated cationic 
guar derivative containing a low level of substituent groups 
as well as cationic quatemaxy ammonium groups, and JAGUAR 
162 which is a high transparency, medium viscosity guar 
having a low degree of substitution. 

Preferably the cationic conditioning polymer is selected from 
cationic cellulose and cationic guar derivatives. 
Particularly preferred cationic polymers are JAGUAR C13S, 
JAGUAR C15, JAGUAR C17 and JAGUAR C16 and JAGUAR C162. 

The cationic conditioning polymer will generally be present in 
compositions of the invention at levels of from 0.01 to 5, 
preferably from 0.05 to 1, more preferably from 0.08 to 0.5 
5 wt%. 
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Conditioning Agents 

The compositions of this invention can also contain one or 
more conditioning agents selected from silicone conditioning 
5 agents and non-silicone oily conditioning agents. 

When conditioning agent is present in the hair treatment 
compositions in droplet form, the droplets may be liquid, 
semi -sol id or solid in nature, so long as they are 
10 substantially uniformly dispersed in the fully formulated 
product. Any droplets of oily conditioning agent are 
preferably present as either liquid or semi-solid droplets, 
more preferably as liquid droplets. 

15 Silicone conditioning agents 

The corapoBitions of the invention can contain, emulsified 
droplets of a silicone conditioning agent, for enhancing 
conditioning performance. The silicone conditioning agent 
20 is insoluble in the aqueous matrix of the composition and so 
is present in an emulsified form, with the silicone present 
as dispersed droplets. 

Suitable silicone conditioning agents include 
25 polydiorganosiloxanes, in particular polydimethylsiloxanes 
which have the CTFA designation dimethicone. Also suitable 
for use compositions of the invention (particularly shampoos 
and conditioners) are polydimethyl siloxanes having hydroxyl 
end groups, which have the CTFA designation dimethiconol . 
3 0 Also suitable for use in compositions of the invention are 
silicone gums having a slight degree of cross -linking, as 
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are described for example in WO 96/31188. These materials 
can impart body, volume and stylability to hair, as well as 
good wet and dry conditioning. 

5 The viscosity of the emulsified silicone conditioning agent 
itself (not the emulsion or the final hair conditioning 
composition) is typically at least 10,000 est. In general 
we have found that conditioning performance increases with 
increased viscosity. Accordingly, the viscosity of the 
10 silicone conditioning agent itself is preferably at least 

SO, 000 est, most preferably at least 500,000 est, ideally at 
least 1,000,000 est. Preferably the viscosity does not 
exceed lO' est for ease of formulation. 

15 Emulsified silicone conditioning agents for use in the 

shanpoo con^jositions of the invention will typically have an 
average silicone droplet size in the composition of less 
than 30, preferably less than 20, more preferably less than 
10 \m. We have found that reducing the droplet size 

20 generally improves conditioning performance. Most 
preferably the average silicone droplet size of the 
emulsified silicone in the cottposition is leas than 2 jim, 
ideally it ranges from 0.01 to 1 \m. Silicone emulsions 
having an average silicone droplet size of ^ 0.15 ]m are 

25 generally termed microemulsions. 

Suitable silicone emulsions for use in the invention are 
also commercially available in a pre-emulsif ied form. 
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Examples of suitable pre-formed emulsions include emulsions 
DC2-1766, DC2-1784, and microemulsions DC2-1865 and DC2- 
1870, all available from Dow Corning. These are all 
emulsions /microemulsions of dimethiconol . Cross-linked 
5 silicone gums are also available in a pre-emulsif ied form, 
which is advantageous for ease of formulation. A preferred 
exanple is the material available from Dow Coming as DC 2- 
1787, which is an emulsion of cross-linked dimethiconol gum. 
A further preferred example is the material available from 
10 Dow Coming as DC 2-1391, which is a microemulslon of cross- 
linked dimethiconol gum. 

A further preferred class of silicone conditioning agents 
for inclusion in shampoos and conditioners of the invention 
15 are amino functional silicones. By "amino functional 
silicone" is meant a silicone containing at least one 
primary, secondary or tertiary amine group, or a quaternary 
ammonium group. 

20 Bxati^jles of suitable amino functional silicones include: 

(i) polysiloxanes having the CTFA designation 
"amodimethicone", and the general formula: 

25 HO- [Si {CH3)2-0-]^- [Si (OH) {CH2CH2CH2-NH-CH2CH2NH2) -0-]y-H 

wherein x and y are numbers such that the molecular 
weight is between about 5,000 and 500,000. 

30 (ii) polysiloxanes having the formula: 
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r' aC33-a-Si (OSiGz) n" (OSiGbR' 2-b) m-O-SiGs-a-R a 
in which: 

5 G is selected from H, phenyl, OH or Ci-e alkyl, e.g. methyl; 
a is 0 or an integer from 1 to 3, preferably 0; 
b is 0 or 1, preferably 1; 

m and n are numbers such that (m + n) can range from 1 to 
2000, preferably from 50 to 150; 
10 m is a number from 1 to 2 0 00, preferably from 1 to 10; 

n is a number from 0 to 1999, preferably from 49 to 149, and 

r' is a monovalent radical of formula -CqH2qL in which q is a 
number from 2 to 8 and L is an aminofuctional group selected 
15 from the following: 

-Nr" -CH2-CH2-N(r" ) 2 
-N(r")2 
-N''(r")3A" 
20 -N*H(r"}2A" 
-N*H2 (r" ) a" 

-N{r' ' ) -C3l2-CH2-N% (r' ' ) A" 

in which r' ' is selected from H, phenyl, benzyl, or a 
25 saturated monovalent hydrocarbon radical, e.g. Ci-20 alkyl, 
and A- is a halide ion, e.g. chloride or bromide. 
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Suitable amino functional silicones corresponding to the 
above formula include those polysiloxanes termed 
"trimethylsilylamodimethicone" as depicted below, and which 
are sufficiently water insolioble so as to be useful in 
5 compositions of the invention: 

Si(CH3)3 - O - [Si(CH3)2 " O - ]x " [Si (CH3) (R - NH - 
CH2CH2 NH2) - 0 -]y - Si (CH3)3 

10 wherein x + y is a number from about 50 to about 500, and 
wherein R is an alkylene group having from 2 to 5 carbon 
atoms. Preferably, the number x + y is in the range of from 
about 100 to about 300. 

15 (iii) quaternary silicone polymers having the general 
formula: 

{ (R^) (R^) (R^) N* CH2CH(0H)CH20(CH2) 3 [Si (R^) (R^) -0-]n- 
Si (R^) (r"') - (Cai2) 3-O-C3I2CH (OH) CH2N* (R^) (R®) (R^°) } (x") 2 

20 

wherein R"*" and R"*"" may be the same or different and may be 
independently selected from H, saturated or unsaturated long 
or short chain alk{en)yl, branched chain alk(en)yl and C5-C8 
cyclic ring systems; 

25 

R^ through R^ may be the same or different and may be 
independently selected from H, straight or branched chain 
lower alk(en)yl, and C5-C8 cyclic ring systems; 
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n is a number within the range of about 60 to about 120, 
preferably about 80, and 

X' is preferably acetate, but may instead be for example 
halide, organic carboxylate, organic sulphonate or the like. 
Suitable quaternary silicone polymers of this class are 
described in EP-A-0 530 974. 

Amino functional silicones suitable for use in shampoos and 
conditioners of the invention will typically have a mole % 
amine functionality in the range of from about 0.1 to about 
8.0 mole %, preferably from about 0.1 to about 5.0 mole %, 
most preferably from about 0.1 to about 2.0 mole %. In 
general the amine concentration should not exceed about 8.0 
mole % since we have found that too high an amine 
concentration can be detrimental to total silicone 
deposition and therefore conditioning performance. 

The viscosity of the amino functional silicone is not 
particularly critical and can suitably range from about 100 
to about 500,000 cSt . 

Specific examples of amino functional silicones suitable for 
use in the invention are the aminosilicone oils DC2-8220, 
DC2-8166, DC2-8466, and DC2-8950-114 (all ex Dow Corning), 
and GE 1149-75, (ex General Electric Silicones) . 

Also suitable are emulsions of amino functional silicone 
oils with non ionic and/or cationic surfactant. 
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Suitably such pre-formed emulsions will have an average 
amino functional silicone droplet size in the shampoo 
composition of less than 30, preferably less than 20, more 
preferably less than 10 |j,m. Again, we have found that 
5 reducing the droplet size generally improves conditioning 
performance. Most preferably the average amino functional 
silicone droplet size in the composition is less than 2 (im 
ideally it ranges from 0.01 to 1 pm. 

10 Pre-formed emulsions of amino functional silicone are also 
available from suppliers of silicone oils such as Dow 
Corning and General Electric. Specific examples include 
DC929 Cationic Emulsion, DC939 Cationic Emulsion, and the 
non-ionic emulsions DC2-7224, DC2-8467, DC2-8177 and DC2- 

15 8154 (all ex Dow Coming) . 

An example of a quaternary silicone polymer useful in the 
present invention is the material K3474, ex Goldschmidt. 

20 For shampoo compositions according to the invention intended 
for the treatment of "mixed" hair (i.e. greasy roots and dry 
ends) , it is particularly preferred to use a combination of 
amino functional and non-amino functional silicone in 
compositions of the invention, especially when these are in 

25 the form of shampoo compositions. In such a case, the 
weight ratio of amino functional silicone to non-amino 
functional silicone will typically range from 1:2 to 1:20, 
preferably 1:3 to 1:20, more preferably 1:3 to 1:8. 
The total amount of silicone incorporated into coir^sitions 

30 of the invention depends on the level of conditioning 

desired and the material used. A preferred amoxint is from 
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0.01 to 10 wt% although these limits are not absolute. The 
lower limit is determined by the minimum level to achieve 
conditioning and the upper limit by the maximum level to 
avoid making the hair and/or skin unacceptably greasy. 

5 

We have found that a total amount of silicone of from 0.3 to 
5, preferably 0.5 to 3 wt% is a suitable level. 

The viscosity of silicones and silicone emulsions can be 
10 measured by means of a glass capillary viscometer as set out 
fiirther in Dow Corning Corporate Test Method CTM004, 
July 20 1970. 

In compositions cotiprislng silicone conditioning agent, it is 
15 preferred that a suspending agent for the silicone 

conditioning agent also be present. Suitable suspending 
agents are as described hereinabove. 

Non-silicone oily conditioning con^jonents 

20 

Compositions according to the present invention may also 
comprise a dispersed, non-volatile, water- insoluble oily 
conditioning agent. 

25 This component will be dispersed in the cortposition in the 
form of droplets, which form a separate, discontinuous phase 
from the aqueous, continuous phase of the con^josition. In 
other words, the oily conditioning agent will be present in 
the shampoo conposition in the form of an oil-in-water 

30 emulsion. 
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Suitably, the 03,2 average droplet size of the oily 
conditioning component is at least 0.4, preferably at least 
0.8, and more preferably at least 1 nm. Additionally, the 
D3,2 average droplet size of the oily conditioning component 
is preferably no greater than 10, more preferably no greater 
8, more preferably no greater than 5, yet more preferably no 
greater than 4, and most preferably no greater than 3.5 jm. 

The oily conditioning agent may suitably be selected from 
oily or fatty materials, and mixtures thereof. 

Oily or fatty materials are preferred conditioning agents in 
the shampoo compositions of the invention for adding shine 
to the hair and also enhancing dry combing and dry hair 
feel. 

Preferred oily and fatty materials will generally have a 
viscosity of less than 5 Pa.s, more preferably less than 1 
Pa.s, and most preferably less than 0.5 Pa.s, e.g. 0.1 Pa.s 
and under as measured at 25''C with a Brookf ield Viscometer 
(e.g. Brookf ield RV) using spindle 3 operating at 100 rpm. 

Oily and fatty materials with higher viscosities may be 
used. For example, materials with viscosities as high as 65 
Pa.s may be used. The viscosity of such materials (i.e. 
materials with viscosities of 5 Pa.s and greater) can be 
measured by means of a glass capillary viscometer as set out 
further in Dow Coming Corporate Test Method CTM004, July 20 
1970. 
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Suitable oily or fatty materials are selected from 
hydrocarbon oils, fatty esters and mixtures thereof. 

Hydrocarbon oils include cyclic hydrocarbons, straight chain 
aliphatic hydrocarbons (saturated or unsaturated) , and 
branched chain aliphatic hydrocarbons (saturated or 
unsaturated) . Straight chain hydrocarbon oils will 
preferably contain from about 12 to about 30 carbon atoms. 
Branched chain hydrocarbon oils can and typically may 
contain higher numbers of carbon atoms. Also suitable are 
polymeric hydrocarbons of alkenyl monomers, such as C2-C6 
alkenyl monomers. These polymers can be straight or 
branched chain polymers. The straight chain polymers will 
typically be relatively short in length, having a total 
number of carbon atoms as described above for straight chain 
hydrocarbons in general. The branched chain polymers can 
have substantially higher chain length. The number average 
molecular weight of such materials can vary widely, but will 
typically be up to about 2000, preferably from about 200 to 
about 1000, more preferably from about 300 to about 600. 

Specific examples of suitable hydrocarbon oils include 
paraffin oil, mineral oil, saturated and unsaturated 
dodecane, saturated and unsaturated tridecane, saturated and 
unsaturated tetradecane, saturated and unsaturated 
pentadecane, saturated and unsaturated hexadecane, and 
mixtures thereof. Branched- chain isomers of these 
compounds, as well as of higher chain length hydrocarbons, 
can also be used. Exemplary branched- chain isomers are 
highly branched saturated or unsaturated alkanes, such as 
the permethyl- Slabs ti tut ed isomers, e.g., the permethyl- 
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substituted isomers of hexadecane and eicosane, such as 2, 
2, 4, 4, 6, 6, 8, 8 -dimethyl- 10 -tnethylundecane and 2, 2, 4, 
4, 6, 6-dimethyl-8-methylnonane, sold by Permethyl 
Corporation. A further exattple of a hydrocarbon polymer is 
polybutene, such as the copolymer of isobutylene and butane. 
A commercially available material of this type is Ij-14 
polybutene from Amoco CSbietnical Co. (Chicago, 111., U.S.A.). 

Particularly preferred hydrocarbon oils are the various 
grades of mineral oils. Mineral oils are clear oily liquids 
obtained from petroleum oil, from which waxes have been 
removed, and the more volatile fractions removed by 
distillation. The fraction distilling between 250*'C to SOCC 
is termed mineral oil, and it consists of a mixture of 
hydrocarbons ranging from C16H34 to C21H44. Suitable 
commercially available materials of this type include Sirius 
M85 and Sirius M125, all available from Silkolene. 

Suitable fatty esters are characterized by having at least 
10 carbon atoms, and include esters with hydrocarbyl chains 
derived from fatty acids or alcohols, e.g., monocarboxylic 
acid esters, polyhydric alcohol esters, and di- and 
tricarboxylic acid esters. The hydrocarbyl radicals of the 
fatty esters hereof can also include or have covalently 
bonded thereto other compatible functionalities, such as 
amides and alkoxy moieties, such as ethoxy or ether 
linkages . 

Monocarboxylic acid esters Include esters of alcohols and/or 
acids of the formula R'COOR in which R' and R independently 
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denote alkyl or alkenyl radicals and the sum of carbon atoms 
in R' and R is at least 10, preferably at least 20. 

Specific examples include, for example, alkyl and alkenyl 
esters of fatty acids having aliphatic chains with from 
about 10 to about 22 carbon atoms, and alkyl and/ or alkenyl 
fatty alcohol carboxylic acid esters having an alkyl and/or 
alkenyl alcohol -derived aliphatic chain with about 10 to 
about 22 carbon atoms, benzoate esters of fatty alcohols 
having from about 12 to 20 carbon atoms. 

The monocarboxylic acid eater need not necessarily contain 
at least one chain with at least 10 carbon atoms, so long as 
the total number of aliphatic chain carbon atoms is at least 
10. Examples include ieopropyl isostearate, hexyl laurate, 
ieohexyl laurate, isohexyl palmitate, isopropyl palmitate, 
decyl oleate, isodecyl oleate, hexadecyl stearate, decyl 
stearate, isopropyl isostearate, dihexyldecyl adipate, 
lauryl lactate, myristyl lactate, cetyl lactate, oleyl 
stearate, oleyl oleate, oleyl myristate, lauryl acetate, 
cetyl propionate, and oleyl adipate. 

Di- and trialkyl and alkenyl esters of carboxylic acids can 
also be used. These include, for example, esters of C4-C8 
dicarboxylic acids such as C1-C22 esters (preferably Ci-Cg) 
of succinic acid, glutaric acid, adipic acid, hexanoic acid, 
heptanoic acid, and octanoic acid. Examples include 
diisopropyl adipate, diisohexyl adipate, and diisopropyl 
sebacate. Other specific exan^iles include isocetyl stearoyl 
stearate, and tristearyl citrate. 
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Polyhydric alcohol esters include alkylene glycol esters, 
for example ethylene glycol mono and di- fatty acid esters, 
diethylene glycol mono- and di-fatty acid esters, 
polyethylene glycol mono- and di-fatty acid esters, 
propylene glycol mono- and di-fatty acid esters, 
polypropylene glycol monooleate, polypropylene glycol 
monoBtearate, ethoxylated propylene glycol monostearate, 
polyglycerol poly- fatty acid esters, ethoxylated glyceryl 
monostearate, 1,3-butylene glycol monostearate, 1,3-butylene 
glycol distearate, polyoxyethylene polyol fatty acid ester, 
sorbitan fatty acid esters, polyoxyethylene sorbitan fatty 
acid esters and mono-, di-and triglycerides. 

Particularly preferred fatty esters are mono-, di- and 
triglycerides, more specifically the mono-, di-, and tri- 
esters of glycerol and long chain carboxylic acids such as 
C1-C22 carboxylic acids. A variety of these types of 

materials can be obtained from vegetable and animal fata and 
oils, such as coconut oil, castor oil, saf flower oil, 
sunflower oil, cottonseed oil, corn oil, olive oil, cod 
liver oil, almond oil, avocado oil, palm oil, sesame oil, 
peanut oil, lanolin and soybean oil. Synthetic oils include 
triolein and tristearin glyceryl dilaurate. 

Specific examples of preferred materials include cocoa 
butter, palm stearin, stmf lower oil, soyabean oil and 
coconut oil. 

The oily or fatty material is suitably present at a level of 
from 0.05 to 10, preferably from 0.2 to 5, more preferably 
from about 0.5 to 3 wt%. 
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The compositions of this invention preferably contain no 
more than 3 wt% of a styling polymer, more preferably less 
than 1% of a styling polymer, preferably contain less than 
0.1% by weight a styling polymer, and optimally are free of 
styling polymer. 

In hair treatment compositions containing a conditioning 
agent, it is preferred that a cationic polymer also be 
present . 

Adjuvants 

The con?50sitions of the present invention may also contain 
adjuvants suitable for hair care. Generally such ingredients 
are included individually at a level of up to 2, preferably 
up to 1 wt% of the total composition. 

Among suitable hair care adjuvants, are: 

(i) natural hair root nutrients, such as amino acids and 
sugars. Examples of suitable amino acids include arginine, 
cysteine, glutamine, glutamic acid, isoleucine, leucine, 
methionine, serine and valine, and/or precursors and 
derivatives thereof. The amino acids may be added singly, in 
mixtures, or in the form of peptides, e.g. di- and 
tripeptides. The amino acids may also be added in the form 
of a protein hydrolysate, such as a keratin or collagen 
hydrolysate. Suitable sugars are glucose, dextrose and 
fructose. These may be added singly or in the form of, e.g. 
fruit extracts. A particularly preferred combination of 
natural hair root nutrients for inclusion in compositions of 
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the invention is isoleucine and glucose. A particularly- 
preferred amino acid nutrient is arginine. 

(ii) hair fibre benefit agents. Examples are: 

5 

- ceramides, for moisturizing the fibre and maintaining 
cuticle integrity. Ceramides are available by extraction 
from natural sources, or as synthetic ceramides and 
pseudoceramides . A prefeixed ceramide is Ceramide II, ex 
10 Quest. Mixtures of ceramides may also be suitable, such as 
Ceramides LS, ex Laboratoires Serobiologiques . 

The invention will now be further illustrated by the 
following, non-limiting Examples. 
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Table 2: 





Example 7 




Example 9 


Example 10 


: 




wM-ght >i 


Wejight ^ 




Wei'ght 1% i 


'':Welghtfei%-'.J 


Water, soft 


45.000 


45.000 


45 . OOO 


45.000 


45. 000 


Hydroxyethylcellulose 


0.200 


0.000 


0.000 


0.000 


0.200 


Cetrimoniura Chloride 


2.800 


2.500 


2.500 


2.500 


2.800 


Quatemium-18 and 
propylene glycol 


0.500 


0.400 


0.400 


0.400 


0.500 


Cetyl/Stearyl alcohol 


3 . 000 










Disodium BDTA, 100% 
active 


0.100 


0.100 


0.100 


0.100 


0.100 


Diraetliiconol 


0.8 


0.6 


0.6 


0.6 


0.8 


silicone fluid 245 


0.000 


0.000 


0.000 


0.000 


0.000 


Fragrance 


0.400 


0.400 


0.600 


0.600 


0.600 


Low Tack silicone PSA 
emulsion^ 


0.000 


0.000 


0.000 


0.500 


0.000 


Water, Fragrance, 

Preservative 


q.s. 


q.B. 


q.B. 


q.s. 


q.s. 


Total 


100.000 


100.000 


100.000 


100.000 


100.000 



Measurement of Static and Dynamic friction: 

Friction measurements are performed using a modified version 
of a previously described methodology based on Dynamic 
Mechanical Analysis (DMA) {Ref: US Patent No. 5,968,286 

10 which is hereby incorporated by reference) . Testing 

involves the application of different force profiles to a 
bxmdle of hair fibers. One manner for carrying out testing 
involves using a single cantilever geometry wherein only one 
side of a hair bundle is secured. The extent to which the 

15 bundle deflects under force will possess a dependance on the 
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interfiber friction. Aa such, relative differences in the 
frictional properties of hair can be measured by comparing 
the results from treated and untreated hair bundles. A 
diagram of the experimental set up is shown below in Figure 
1. 

Two-gram hair tresses are prepared using natural brown hair 
purchased from Imhair Ltd. (Italy) . Before testing, all 
tresses are cleaned thoroughly using standard surfactant 
solutions. Each tress is cut to the length of 6 inches. 
Testing is performed with the hair encased in a thin-walled 
latex tube with an inside diameter of 3 mm, and outside 
diameter 3.4 mm. A close up of the hair and the tube is 
shown in Figure 2. 

For statistical purposes, 4 tube sanples are tested for each 
formulation. Testing is first performed on an untreated hair 
array. After testing, the hair is removed from the latex 
tube and treated with the test foantiula. The formula is 
applied in the proportion 0.2 ml to 2 g of hair for a 
shampoo, and 0.3 ml to 2 g of hair for a conditioner 
product. Each hair array is treated for 1 minute and then 
rinsed for 30 seconds in waitn water (40°C) , at a flow rate of 
2 1/min. After treatment the arrays are air dried for 24 
hours at 30% RH, and a temperature of 20°C. The samples are 
then placed back in the latex tube and equilibrated for the 
next 24 hours under the same conditions. The treated hair 
arrays are then tested again to allow for differences in 
deflection to be observed as a result of surface 
modification imparted by the test material. 



wo 03/B28677 



PCT/EP02/10643 



- 48 - 

A Perkin Elmer DMA 7e housed within an environmentally 
controlled chamber is used for all our measurements. The 
tube sample is mounted in the single cantilever DMA fixture 
in auch a way that the length of the latex tube protruding 
5 from the clamp is 20 mm (see Fig.l) . The instrument probe 
imposes a bending force on the top of the tiabe at a distance 
of 7.5 mm from the clamp . 

By imposing different force profiles, it is possible to 
10 measure different frictional properties of the hair. For 

example, a measure of the static friction can be obtained by 
performing a test in which the bending force is gradually 
increased. Meanwhile, the dynamic friction is measured by 
imposing an oscillating sinusoidal force. In each case, the 
15 instrument measures the resulting deflection or strain that 
results in the specimen. More detailed information 
regarding these two modes of operation are given below. 

Change in static friction 

20 

The coefficient of static friction is calculated from a test 
in which an increasing bending force deflects the tube 
sample. Initially, the process is elastic and consequently 
a linear relationship exists between the stress (force/tinit 

25 area) and the deflection. Under these conditions the array 
behaves like a solid rod, since the interfiber friction and 
the external pressure of the tube holds the fibers together 
and prevents movement of the individual fibers. However, at 
a certain critical force, adjacent fibers will start to 

30 slide over one another. As the result of this interfiber 

slip, the total resistance of the santple towards the bending 
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force decreases. From this point on, the deflection 
increases faster than the bending stress. That is, the 
linear relationship between the stress and strain is lost. 
The critical deflection dc at which the interfiber slip 
appears is measured by the instrument and can be used to 
calculate an average coefficient of internal static friction 
in the tube sample. The change in static friction is 
calculated by comparing the critical deflection of the same 
hair array before and after treatment with the test sample. 

Change in dynamic friction 

The dynamic friction test is somewhat more complex. The use 
of an oscillating force allows for the deconvolution of a 
material's elastic (storage) and viscous (lost) components. 
These quantities identify the ability of the material to 
recover from deformation (elasticity) or to dissipate a 
portion of the mechanical energy (damping) . Friction is a 
property that is associated with the dissipation of the 
mechanical energy and therefore can be probed using the loss 
component that is obtained from a dynamic mechanical test. 

Dynamic friction testing is performed by introducing a 
gradually increasing dynamic force to the sample at a 
constant frequency. Furthermore, this dynamic force is 
superimposed over a gradually increasing static force. This 
behavior is shown schematically in Figure. 3. 

Calculation of the coefficient of dynamic friction is more 
complex and requires a detailed analysis involving the 
movement of the fiber bundle as a result of the two 
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superimposed bending forces. As the magnitude of both the 
static and dynamic force is raised, so the magnitude of the 
deflection also increases. That is, the amplitude of 
dynamic bending also increases. Furthermore, the magnitude 
5 of the bending amplitude is influenced by the surface 

frictional properties of the hair fibers. The measurement 
of the amplitude before and after the treatment allows for 
assessment of a relative change in dynamic friction Afd. 

The relative coefficient of dynamic friction is calculated 
10 by: 

A fd/fd = (Au - At)/Au 

where Au is the maximum amplitude of bending before 
treatment, and At is the maximum amplitude for the same hair 
array after the treatment. 

15 If the same hair array were treated with a conditioning 
formula that reduces the surface friction, then the same 
bending force would be able to generate longer interfiber 
slip and the higher amplitude of bending (Fig. 4) . The 
results of frictional tests are valid only for the 

20 treatments, which do not change the bulk properties of hair 
fibers, but only their surface friction. 

The experimental data below demonstrates the beneficial 
properties of compositions of the invention. 
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Table 3 includes the static and dynamic friction properties 
as measured by the above mentioned DMA technique for the 
formulation examples as listed in tables 1 and 2. 



Table 3 



Conditioner Description 


Static 
Friction (%) 


Dynamic 
Friction (%) 


Exatiple 1 


210 


280 


Example 2 


17 


3 


Example 3 


31 


5 


Example 4 


45 


26 


Example 5 


30 


2 


Example 6 


-21 


-29 


Exan^le 7 


-10 


-31 


Example 8 


25 


-11 


Example 9 


-17.67 


-22.67 


Example 10 


24 


25 


Example 11 


-16 


-29 



Shang>oo compositions: 



The invention will now be further illustrated by the 
following, non-limiting exanple 12 of a shampoo formulation. 



Table 4 





Example 12 


Example 13 








Emulsion stabilizer 


0.400 


0 .400 


Ammonium Lauryl Sulphate 


7.605 


7.605 


Ammonium Laureth Sulphate 


5.941 


5.941 


Cocamide MEA 


1.300 


1.300 


PEG- 6 Cocamide 


0.650 


0.650 


Propylene Glycol 


0.500 


0.500 


Guar Hydroxypropyltrimonium chloride 


0.100 


0.100 


Dimethiconol 


1.000 


1.000 


t: 

Low Tack Silicone PSA 


0.000 


0.750 


Chelating agent 


0 .080 


0 . 080 


Water, Fragrance, and Preservatives 


q.s. 


q.s. 
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Table 5 includes the static and dynamic friction properties 
as measured by the above mentioned DMA technique for the 
formulation examples as listed in tables 4. 

5 Table 5 



Shampoo Description 


Static Friction 
(%) 


Dynaunlc Friction 
(%) 


Sxanple 12 


-7 


-11 


Example 13 


18 


3 



Suspension Composition: 



10 The invention will now be further illustrated by the 
following, non-limiting exanples of a suspension. 



Examole 13 






Silicone PSA emulsion (40% active) 


2.00 


Carbopol 980, 100% active 


1.00 


DMDM Hydantion 


0.1 


Kathon CG, 39% active 


0.04 


Soft water, 1 00% active 


96.86 


Total 


100.00 
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CLAIMS 

1. An aqueous hair treatment composition comprising: 

a) at least one silicone pressure sensitive adhesive; 
5 and 

b) at least one material selected from the group 
consisting of: 

i) a hair conditioning agent, 

ii) a hair cleansing agent, and 

10 iii) an agent for suspending said silicone pressure 

sensitive adhesive in a manner which enables 
said silicone pressure sensitive adhesive to 
be deposited on said hair. 

15 2. An aqueous hair treatment composition according to claim 1 
wherein said composition increases static friction of 
dry hair by at least about 10%, and wherein said 
composition increases dynamic friction of dry hair by no 
more than about 100% or decreases or leaves unchanged 

20 said dynamic friction. 

3. An aqueous hair treatment contposition according to claim 
2 wherein said composition increases dynamic friction of 
dry hair by no more than about 60%. 

25 

4. An aqueous hair treatment conposition according to claim 
2 wherein said cott^josition increases dynamic friction of 
dry hair by no more than eibout 40%. 
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. An aqueous hair treatment compoaition according to claim 
2 wherein said composition increases static friction of 
dry hair by at least about 15%. 

. An aqueous hair treatment composition according to claim 
2 wherein said composition increases static friction of 
dry hair by at least about 20%. 

. A cotiposition in accordance with claim 1, wherein said 
silicone pressure sensitive adhesive is the product of 
mixing 30 to 60 parts by weight of a silanol -terminated 
polydiorganosiloxane of Tg below -20 "»C and viscosity 
0.1-30000 Pa.s at 25»C lightly crosslinked with 40 to 70 
parts by weight of a silanol -containing silicone resin 
of Tg above 0°C conqprising monovalent 

trihydrocarbonsiloxy (M) groups of the formula R^'sSiOi/a 
and tetrafunctional (Q) groups Si04/2 wherein r" denotes 
a monovalent hydrocarbon group having 1 to 6 carbon 
atoms, the number ratio of M groups to Q groups being in 
the range 0.5:1 to 1.2:1. 

. A coti^josition in accordance to claim 1, wherein said 
pressure sensitive adhesive is dispersed as an emulsion 
comprising a disperse silicone phase emulsified in a 
continuous water phase in the presence of a surfactant, 
wherein the disperse silicone phase comprises 40 to 80 % 
by weight of a silicone pressure sensitive adhesive, 
which is the lightly crosslinked product of mixing a 
silanol -terminated polydiorganosiloxane of Tg below - 
20°C with a silanol-containing silicone resin of Tg 
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above 0»C, dispersed in 60 to 20 % by weight of a 
volatile silicone fluid having a boiling point below 
300°C, the emulsion being substantially free of any non- 
silicon- containing volatile organic material. 

9. An aqueous hair treatment coir^iosition according to claim 
1 comprising: 

a) about 0.01% to about 10% of at least one silicone 

pressure sensitive adhesive; and 
bl) about 0.01% to about 10% of at least one suspending 

agent; or 

b2) about 0.05% to about 10% of at least one hair 

conditioning agent; or 
b3) about 5% to about 40% of at least one hair cleansing 

agent . 

10. An aqueous hair treatment composition according to claim 
8 comprising: 

a) about 0.05% to about 5% of at least one silicone 

pressure sensitive adhesive; and 
bl) about 0.1% to about 5% of at least one suspending 

agent; or 

b2) about 0.1% to about 5% of at least one hair 

conditioning agent; or 
b3) about 10% to about 20% of at least one hair 

cleansing agent. 

11. An aqueous hair treatment composition according to claim 
1 which is a leave-in composition. 
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12 . An aqueous hair treatment, composition according to claim 
1 which is a rinse-out composition. 

13 . A conposition according to claim 1 which is a hair 

5 conditioner and which comprises a conditioning agent 

selected from the group consisting of : 

octyltrimethylammonium chloride, 

dodecyltrimethylammonium chloride, 

hexadecyltritnethylammonium chloride, 
10 cetyltrimethylatnmonium chloride, 

oc tyldime thy Ibenzyl ammonium chloride , 

decyldimethylbenzylammonium chloride, stearyldi- 

methylbenzyl ammonium chloride, didodecyldimethylammonium 

chloride, dioctadecyldimethylammonium chloride, tallow 
15 trimethylammDnium chloride, cocotriraethylammonium 

chloride, Cetylpyridinium chloride, Quaternium -5 

Quatemium -31 Qriaterniiim -18; 

and mixtures thereof. 

20 14. A coK^JOsition in accordance with claim 1 which comprises 
a suspending agent selected from the group consisting of 
polyacrylic acids, cross-linked polymers of acrylic 
acid, copolymers of acrylic acid with a hydrophobic 
monomer, copolymers of carboxylic acid- containing 

25 monomers and acrylic esters, cross-linked copolymers of 

acrylic acid and acrylate esters, heteropolysaccharide 
gum; ethylene glycol stearate, alkanolamides of fatty 
acids ; ethylene glycol distearate; polyethylene glycol 
3 distearate; Carbopol 420, Carbopol 488; Carbopol 493; 

30 Carbopol 910, Carbopol 934, Carbopol 940, Carbopol 941; 

Carbopol 980; Carbopol 1342; cross-linked polymers of 
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mixtures thereof 

15. A composition in accordance with claim 1 which is a 
5 shampoo and which comprises a hair cleansing agent 

selected from the group consisting of an anionic 
surfactant, a non- ionic surfactant, an amphoteric 
surfactant, and mixtures thereof. 

10 16. A composition in accordance with claim 14 wherein said 
hair cleansing agent is selected from the group 
consisting of sodium dodecylbenzene sulphonate, sodium, 
lauryl sulphate, sodium lauryl ether sulphate nEO, where 
n is from 1 to 20; octylphenol ether sulphate nEO where 

15 n is from 1 to 20, sodium dioctylsulphosuccinate; 

nonylphenol ethoxylate nEO, where n is from 1 to 50, 
alcohol ethoxylates ; lauryl alcohol nEO, where n is from 
1 to 50, polyoxyethylene monostearate where the number 
of oxyethylene units is from 1 to 30. 

20 

17. A conqoosition in accordance with claim 1, which 

comprises a conditioning agent selected from the group 
consisting of a volatile silicone, a nonvolatile 
silicone, and mixtures thereof . 



A method for providing hair with body which comprises 
contacting said hair with a composition in accordance 
with claim 1. 
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